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Foreword 


Thin-layer chromatography as practiced today seems to exist in two forms. Some 
scientists consider TLC to be a qualitative separation tool for simple mixtures 
where speed, low cost, and simplicity are its virtues. Others regard TLC as a 
powerful separation tool for the quantitative analysis of complex mixtures with a 
high sample throughput because of parallel sample processing, and as a technique 
that can tolerate cruder samples than column methods because the stationary 
phase is disposable, and which provides flexibility in the method and choice of 
detection since at the time of detection the separation is static and the layer open 
to inspection. Both groups of scientists use the same approaches and employ the 
same physical principles to achieve a separation, but only the second group does 
so in an optimized way. There remains an information gap which good books can 
fill to re-educate the scientific community of the current standing of TLC. I am 
delighted to affirm that the present book takes a needed step in this direction. As 
more scientists become acquainted with the modem practice of TLC they will need 
reliable and unbiased sources of information on the myriad of factors that influence 
quantitation of TLC chromatograms to avoid common pitfalls that follow in 
the wake of any technological advance. From physical principles, to working 
instruments, to the methodological requirements of an analytical protocol the 
reader will find such information, and just as importantly, experience, distilled 
into this book. 

It seems to be a fact of life that real samples are too dilute or too complex for 
direct analyses no matter what new technology is available simply because the 
demand for analytical information is being continuously raised to a higher level. 
At this interface chemical intuition has always played an important role. Selective 
chemical reactions provide the methods to manipulate a sample to reveal the 
information desired. They provide the means to increase the response of an 
analyte to a particular detector and increase the selectivity of an analysis by 
targeting certain components of the sample to respond to a selected detector. 
Micropreparative chemistry and TLC have a long history of association because 
of the convenience of these reactions when performed with a static sample and 
because in TLC the separation and detection processes can be treated as separate 
steps and optimized independently of each other. A further important character 
of this book is the practical way it marries chemical and instrumental principles 
together providing an integrated source to the most important chemical reactions 
available and the details of their application to particular sample types. Until new 
detection principles are available, these reactions represent the most practical and, 



VI 


Foreword 


in many cases, an elegant solution to difficult analytical problems. T his book 
should serve to revive interest in this area and to provide a methodological source 
for their practice. 

The power of TLC is in its flexibility as a problem solving tool. As the problems 
in analysis become more complicated the sophistication by which we approach 
those problems is ever increasing. However, it behooves us as analytical chemists 
not to forget our fundamental training in chemistry and to apply those principles 
to today’s problems. It is just this feature that the reader will find instilled into 
this book. 

C. F. Poole 

Department of Chemistry 
Wayne State University 
Detroit, MI 48202 
USA 


Preface 


This book is the result of cooperation between four colleagues, who have been 
working in the field of thin-layer chromatography for many years and, in particu¬ 
lar, took an active part in the development from hand-coated TLC plates to 
commercially available precoated plates and instrumental thin-layer chroma¬ 
tography. This development was accompanied by improvements in the field of 
detection of the separated zones. In particular, it became necessary to be able 
to deal with ever decreasing quantities of substance, so that the compilation 
“Anfarbereagenzien” by E. Merck, that had been available as a brochure for 
many, many years, no longer represented the state of the art of thin-layer 
chromatography. 

It was against this background and in view of the fact that there is at present 
no contemporary monograph on thin-layer chromatography that this book was 
produced. It is intended as an introduction to the method, a reference book, and 
a laboratory handbook in one, i.e., far more than just a “Reagent Book”. 

The first part of the book consists of a detailed treatment of the fundamentals 
of thin-layer chromatography, and of measurement techniques and apparatus for 
the qualitative and quantitative evaluation of thin-layer chromatograms. In situ 
prechromatographic derivatization techniques used to improve the selectivity of 
the separation, to increase the sensitivity of detection, and to enhance the precision 
of the subsequent quantitative analysis are summarized in numerous tables. 

Particular attention has been devoted to the fluorescence methods, which are 
now of such topicality, and to methods of increasing and stabilizing the fluores¬ 
cence emissions. Nowhere else in the literature is there so much detailed infor¬ 
mation to be found as in the first part of this book, whose more than 600 literature 
references may serve to stimulate the reader to enlarge his or her own knowledge. 

Nor has a general introduction to the microchemical postchromatographic 
reactions been omitted; it makes up the second part of the book. 

This second part with its 80 worked-through and checked detection methods 
forms the foundation of a collection of reagent reports (monographs), which will 
be extended to several volumes and which is also sure to be welcomed by workers 
who carry out derivatizations in the fields of electrophoresis and high-pressure 
liquid chromatography. Alongside details of the reagents required and their hand¬ 
ling and storage, the individual reports also contain details about the reaction 
concerned. 

Wherever possible, dipping reagents have been employed instead of the spray 
reagents that were formerly commonplace. These make it easier to avoid contami- 
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nating the laboratory, because the coating of the chromatogram with the reagent 
takes place with less environmental pollution and lower health risks; furthermore, 
it is more homogeneous, which results in higher precision in quantitative analyses. 

It is possible that the solvents suggested will not be compatible with all the 
substances detectable with a particular reagent, for instance, because the chro- 
matographically separated substances or their reaction products are too soluble. 
Therefore, it should be checked in each case whether it is possible to employ the 
conditions suggested without modification. We have done this in each report for 
one chosen class of substance by working through an example for ourselves and 
have documented the results in the “Procedure Tested”; this includes not only the 
exact chromatographic conditions but also details concerning quantitation and 
the detection limits actually found. Other observations are included as “Notes“. 
Various types of adsorbent have been included in these investigations and their 
applicability is also reported. If an adsorbent is not mentioned it only means that 
we did not check the application of the reagent to that type of layer and not that 
the reagent cannot be employed on that layer. 

Since, in general, the reagent report includes at least one reference covering each 
substance or class of substances, it is possible to use Part II of this book with its 
ca. 750 references as a source for TLC applications. Only rarely are earlier refer¬ 
ences (prior to 1960), which were of importance for the development of the reagent, 
cited here. 

There is no need to emphasize that many helpful hands are required in the 
compilation of such a review. Our particular thanks are due to Mrs. E. Kany, Mrs. 
I. Klein and Mrs. S. Netz together with Dipl.-Ing. M. Heiligenthal for their 
conscientious execution of the practical work. 

We would also like to thank the graduate and postgraduate students who helped 
to check the derivatization reactions and Mrs. U. Enderlein, Mrs. E. Otto, and 
Mrs. H. Roth, whose capable hands took care of the technical preparations for 
the book and the production of the manuscript. We would particularly like to 
thank Dr. Kalinowski (Univ. Giessen) for his magnificent help in the formulation 
of the reaction paths for the reagent reports. Our thanks are also due to Dr. F. 
Hampson and Mrs. J. A. Hampson for translating the German edition of the book 
into English. 

We thank the Baron, J. T. Baker, Camag, Desaga, Macherey-Nagel and E. 
Merck companies for their generous support of the experimental work. 

Our particular thanks are also due to Dr. H. F. Ebel and his colleagues at VCH 
Verlagsgesellschaft for the realization of our concepts and for the design and 
presentation of the book and for the fact that this work has appeared in such a 
short time. 
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In spite of all our care and efforts we are bound to have made mistakes. For 
this reason we would like to ask TLC specialists to communicate to us any errors 
and any suggestions they may have for improving later volumes. 

Saarbrucken, Giessen and Darmstadt, Hellmut Jork 

October 1989 Werner Funk 

Walter Fischer 
Hans Wimmer 
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Part I 


Methods of Detection 



1 Introduction 


The separation methods routinely employed in the laboratory include the various 
chromatographic and electrophoretic techniques, whose selectivity is continually 
being increased by the introduction of new adsorbents, e.g. with chemically modi¬ 
fied surfaces (Fig. 1). 

Detection methods, which provide real information concerning the separated sub¬ 
stances, are necessary in order to be able to analyze the separation result and 
separation performance achieved by such a system. 





111*1 l/UHl/IIVII 


1 Introduction 


5 


In spite of numerous advances in the field of detection there are not and never 
have been any genuinely substance-specific chemical detection reactions. This 
means that, unlike the spectrometric methods, the methods of detection normally 
employed in chromatography cannot be employed for an unequivocal identifi¬ 
cation of compounds, they can only provide more or less definite indications for 
the characterization of the separated substances. Universal reagents are usually 
employed for a first analysis of the separation of samples of unknowns. This is 
then followed by the use of group-specific reagents. The more individual the pieces 
of information that can be provided from various sources for a presumed substance 
the more certainly is its presence indicated. However, all this evidence remains 
indicative; it is not a confirmation of identity. 

The detection methods also serve especially to increase sensitivity and selectivity 
in addition to providing evidence concerning the quality of the separation. In the 
case of thin layer chromatography the selectivity of the separation which is achieved 
by the various techniques employed (e.g. multiple development, gradient elution, 
sequence TLC, AMD, HPPLC or OPLC techniques) (Fig. 2) is accompanied by 
specificity of detection [1-3]; the selectivity of detection can also be increased 
by the combination of several detection methods as shown in Figure 2. After 
chromatographic development the chromatogram may be regarded as being rather 
like a “diskette” with the individual pieces of information stored on it [4]. 



Fig. 2: Increasing the selectivity by combinations of methods. 


The information can be read off as required at any time separately from the 
development process both in space and time. This possibility is only available in 
thin layer chromatography, because there is no direct on-line coupling between 
chromatographic development and detection. Thus, the analysis of a thin layer 
chromatogram can be repeated at any time as desired or carried out again accord¬ 
ing to other criteria than those employed in the first analysis. It follows that the 
detection technique does not restrict the choice of mobile phase. The chroma¬ 
tographic conditions can always be chosen to give the best separation for 
the particular sample, since the chromatogram is freed from mobile phase before 
detection is undertaken. 

In addition to these advantages TLC also possesses other merits which ensure that 
it occupies a firm place in the arsenal of analytical techniques as a method for the 
separation of micro-, nano- and picogram quantities [5]. 

The method 

• is easy to learn technically; 

• is rapidly carried out, especially as HPTLC technique; 

• is always available for use, since the precoated layers can usually be employed 
without pretreatment; 

• can readily be monitored because the whole chromatogram (including the sub¬ 
stances remaining at the start) can be taken in at a glance and it is not necessary 
to elute the individual components; 

• does not require a regeneration step, since TLC and HPTLC plates are dispos¬ 
able items; 

• can be economically employed for routine use because the consumption of 
mobile phase is low and, hence, there are scarcely any disposal problems (for 
instance up to 70 samples can be analyzed alongside each other and with 
authentic standard substances in a linear chamber with a very few milliliters of 
mobile phase [6]); 

• is very adaptable: acidic, basic or purely aqueous mobile phases can be employed 
as can neutral lipophilic solvents, thus lending the whole thin layer chromatogra¬ 
phic system a high degree of flexibility. 

As a result of these merits thin layer chromatography finds application all over 
the world. The frequency of its application is documented in Figure 3. This CA 
search only includes those publications where TLC/HPTLC are included as key 
words. The actual application of the method is very much more frequent. The 
method is employed as a matter of course in many areas of quality control and 
routine monitoring of product purity. This was also true in the 1970s when the 
rapid development of high performance liquid chromatography (HPLG) led to a 
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Fig. 3: Frequency distribution of TLC/HPTLC publications over the years 1967 — 1986 
(search made from Chemical Abstracts). 

temporary reduction in the frequency of academic TLC publications. Today both 
methods stand side by side as separation techniques in their own right. The 
analyst employs them where their respective advantages are evident. Economic 
considerations naturally have to be taken into account too [7] and the balance 
here is probably tipped in favor of thin-layer chromatography. 

The information produced in a TLC separation can be recorded for storage or 
documentation. This can take the form of a manual-graphical reproduction, a 
photocopy, photograph or autoradiograph [8 — 10]. Increasingly, however, the 
chromatogram is scanned (fluorescence or absorption scanning curves) or the raw 
data are stored in data storage systems. The instrumentation required for these 
processes will be discussed in the subsequent chapters. A general discussion of 
documentation will follow in Chapter 4. 

In principle it is possible to employ physical, microchemical and biological-physio- 
logical methods for detection in TLC (Fig. 2). 

Physical methods: Physical methods include photometric absorption and fluores¬ 
cence and phosphorescence inhibition, which is wrongly referred to as fluorescence 
quenching [1], and the detection of radioactively labelled substances by means of 
autoradiographic techniques, scintillation procedures or other radiometric 
methods. These methods are nondestructive (Chapt. 2). 
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Microchemical reactions: These can be carried out either with universal reagents 
[11] or with such substances which react with particular functional groups (group- 
characterizing reagents). If the separation process ensures that only one component 
occurs at a particular spot on the chromatogram, then this can be detected “sub- 
stance-specifically”. But specificity in an unequivocal sense can only be produced 
by a combination of the separation and the detection process. (The same is true 
of other forms of detection.) 

Biological-physiological detection: The methods involved here take account of the 
biological activity of the separated components independent of their physical or 
chemical properties [12]. 

Their use is to be recommended [13] because 

• such methods are highly specific (independent of the separation process); 

• ineffective accompanying substances do not interfere with the investigation so 
that previous clean-up can often be omitted; 

• the detection limits are comparable with those of classical detection methods. 

These methods are employed for the detection and determination of antibiotics and 
substances with similar effects, like alkaloids, insecticides, fungicides, mycotoxins, 
vitamins, bitter principles and saponins [14]. 

We intend to devote separate volumes to each method of detection in the order 
discussed above. 
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2 Physical Methods of Detection 


2.1 General 

Physical detection methods are based on inclusion of substance-specific properties. 
The most commonly employed are the absorption or emission of electromagnetic 
radiation, which is detected by suitable detectors (the eye, photomultiplier). The 
^-radiation of radioactively labelled substances can also be detected directly. These 
nondestructive detection methods allow subsequent micropreparative manipu¬ 
lation of the substances concerned. They can also be followed by microchemical 
and/or biological-physiological detection methods. 

A distinction is normally made between the visible and ultraviolet regions of the 
spectrum when detecting absorbing substances. Detection in the visible part of the 
spectrum can be carried out with the eye or with a photomultiplier. 


2.2 Detection of Absorbing Substances 
2.2.1 Visual Detection 

The success of separation of colored compounds is usually monitored visually. 
Such compounds absorb a particular portion of the polychromatic (white) light 
in the visible wavelength range. The remaining radiation (complementary radi¬ 
ation) is reflected and detected by the eye; it determines the color of the substance 
zone. Table 1 correlates the wavelengths, colors and complementary colors. 


Table 1. Correlation of wavelength, color and complementary color [1]. 


Wavelength 

[nm] 

Color of radiation 

Complementary color 

620...700 

red 

bluish-green 

590... 620 

orange 

greenish-blue 

570.. .590 

yellow 

blue 

500.. .570 

green 

red/purple 

450.. .500 

blue 

yellow 

400... 450 

violet 

yellowish green 
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Colorless substances absorb at wavelengths shorter than those of the visible range 
(the UV range normally amenable to analysis k = 400...200 am). Such compounds 
can be detected by the use of UV-sensitive detectors (photomultipliers. Sec. 
2.2.3.1). Substances that absorb in the UV range and are stimulated to fluorescence 
or phosphorescence (luminescence) can be detected visually if they are irradiated 
with UV light. 


2.2.2 Fluorescence and Phosphorescence Indicators 

Fluorescent and phosphorescent substances are excited into an unstable energy 
state by UV light. When they return to the ground state they release a part of the 
energy taken up in the form of radiation. The emitted radiation is less energetic 
than the light absorbed and usually lies in the visible part of the spectrum. Since 
absorption (excitation) and emission obey a linear relationship over a certain range 
a reduction in absorption leads to a reduction in the luminescence, too. 

This property can be applied to the detection of substances that absorb in the UV 
region: For on layers containing a fluorescent indicator or impregnated with a 
fluorescent substance the emission is reduced in regions where UV-active com¬ 
pounds partially absorb the UV light with which they are irradiated. Such sub¬ 
stances, therefore, appear as dark zones on a fluorescent background (Fig. 4A). 

This effect, which can also be produced if fluorescent substances are applied to 
the chromatogram by spraying or dipping after development, is an absorption 
effect and not a quenching process in the true sense of the word. It is correct to 
refer to fluorescence or phosphorescence diminishing. The more absorbant sample 
molecules there are present in the zone the darker this will appear (Fig. 4B). 

This method of detection is at its most sensitive if the absorption maximum (A max ) 
of the sample molecule is exactly at the wavelength of the UV light employed for 
irradiation. The further lies from this the less radiation is absorbed and the 
lower the sensitivity of detection. If the compound does not absorb at the wave¬ 
length of radiation or if it possesses an absorption minimum just there then such 
components are not detected by this method. Figure 4C illustrates this with the 
sweeteners saccharin and dulcin as examples. 

Fluorescence and phosphorescence are both forms of luminescence [3], If the 
emission of radiation has decayed within 10~ 8 s after the exciting radiation is cut 
off it is known as fluorescence [4], if the decay phase lasts longer (because the 
electrons return to the ground state from a forbidden triplet state (Fig. 5), then the 
phenomenon is known as phosphorescence. A distinction is also made between 



■ Exciting radiation 25t nm Hg 
• Emitted radiation 




Fie. 4: Explanation of the fluorescence-quenching effect [2]. — (A) chromatograms of 
the same quantities of saccharin and dulcin observed under UV 254 light (B) schematic 
representation of fluorescence quenching, (C) spectral reflectance curves of saccharin and 
dulcin. 



Fig. 5: Schematic representation of the electronic transitions during luminescence phenomena 
[5], - A absorbed energy, F fluorescence emission, P phosphorescence, S ground state, S 
excited singlet state. T "forbidden” triplet transition. 
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fluorescence and phosphorescence indicators. The former can be incorporated in 
the adsorbent layers or applied afterwards by spraying or dipping, the latter are 
always incorporated as homogeneously as possible into the stationary phase. 
Fluorescence occurs primarily in organic substances and phosphorescence, on the 
other hand, in inorganic compounds. 


Organic fluorescence indicators for aluminium oxide, silica gel and cellulose layers 
(code F 366 , UV 366 ) include: 

• the sodium salt of 3-hydroxypyrene-5,8,10-trisulfonic acid [6], 

• the sodium salt of 3,5-dihydroxypyrene-8,10-disulfonic acid [7], 

• sodium fluorescein [8 — 11] and fluorescein [12] or 2',7'-dichlorofluorescein [13 — 
19], 

• rhodamine B [12, 20 — 23] and rhodamine 6G [24 — 26], 

• morin[l 1,24, 27-29], 

• cyanine dyestuffs [30, 31], 

• stilbene derivatives (e.g. diaminostilbenetriazine) [12, 32] and 

• optical brighteners (Ultraphor WT BASF [12, 33], Calcofluor R-white [34], 
Leukophor). 

Oxytetracycline can also be employed at low pH on calcium-containing layers [35]. 

The scintillators are a special type of fluorescence indicators; they are employed 
for the fluorimetric detection of radioactively labelled substances. They are stimu¬ 
lated by /(-radiation to the emission of electromagnetic radiation and will be 
discussed in Volume 2. 

The substances employed as inorganic phosphorescence indicators (incorrectly re¬ 
ferred to as fluorescence indicators) include blue (tin-activated strontium com¬ 
pounds), yellow (uranyl acetate [36]) and yellow-green (manganese-activated zinc 
silicate [37] or zinc cadmium sulfide [38]) emitting substances (code F 254 , UV 254 ). 
Pigment ZS-super (Riedel de Haen) has also been employed [81]. Since these are 
not acid-stable they are replaced by substances such as alkaline earth metal 
tungstates in RP phases (code F 254s ). These possess a pale blue emission [39]. 

The advantages of these inorganic indicators are: 

• Such indicators do not migrate during chromatography to the solvent front 
under the influence of either polar or nonpolar organic solvents (uranyl acetate 
is an exception). 
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Fig. 7. UV hand lamps (Camag). (A) battery-powered UV lamp, (B) hand lamp with stand 
closed on three sides 
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• Short-wavelength UV radiation (A = 254 nm) is employed for excitation. This 
allows aromatic organic compounds, in particular, to be detected by fluorescence 
quenching. Uranylacetate may also be excited at A = 366 nm. 

• In the most favorable cases the detection limits are from 0.1 to 0.3 pg substance 
per chromatogram zone. 

Energetic radiation sources are required to excite phosphorescence or fluorescence. 

Mercury line radiators are normally employed; these are readily available as 

relatively cheap mercury vapor lamps. The short-wavelength line at A = 254 nm is 




Fig. 8: Transmittance of black light filter as a function of wavelength (A) and as a function 
of the length of operation at A = 254 and 365 nm (B) 
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Fig. 9: HP-UVIS cabinet for UV inspection without a dark room (Desaga). 


mainly employed (although the absorption maxima of the indicators lie at X = 
260 nm or 280 nm [37]) together with the long-wavelength double line at A = 365/ 
366 nm. While low pressure lamps deliver short-wavelength light almost exclu¬ 
sively, the proportion of long-wavelength UV radiation is much higher in the case 
of high pressure lamps. But these have the disadvantage that they require a starting 
up time of 2 to 5 minutes. They also operate relatively hot and can only be re¬ 
ignited after they have cooled down. 

Note: The lamp can crack if the hot bulb comes into contact with a cold TLC 
plate (protective housing!). 

These restrictions do not apply to the less intense fluorescent tubes installed in the 
UVIS or MinUVIS (Fig. 6) or Universal UV lamps (Fig. 7). Black glass surrounds 
or screens serve as filters. Unfortunately account is often not taken of the fact 
that the transparency for short-wavelength UV light decreases appreciably with 
increasing duration of irradiation (Fig. 8). So it is advisable to change the filters 
of lamps intended for short-wavelength radiation at regular intervals. They can 


fe.epfijkjyed in the long-wavelength region. This is particularly true if color 
' ait taken for documentation purposes. 



I compact instruments, where it is possible to switch from “daylight” to 
lohj^W short-wavelength UV light, are frequently offered for the examination of 
thic lsyer chromatograms (Fig. 9). These are often fitted with a camera holder. 


C— t j oa : When working with UV fight protective goggles should always be worn 
in order (to avoid damage to the eyes. 


2.2.3 Photometric Measurement of Absorption 

2.23.1 Apparatus 

Photomultipliers are appreciably more sensitive sensors than the eye in their re¬ 
sponse to line or continuum sources. Monochromators are fitted to the light beam 
in order to be able to operate as substance-specifically as possible [5]. Additional 
filter combinations (monochromatic and cut-off filters) are needed for the measure¬ 
ment of fluorescence. Appropriate instruments are not only suitable for the quali¬ 
tative detection of separated substances (scanning absorption or fluorescence 
along the chromatogram) but also for characterization of the substance (recording 
of spectra in addition to hR f ) and for quantitative determinations. 

Monochromators 

Today’s commercially available chromatogram spectrometers usually employ dif¬ 
fraction gratings for monochromation. These possess the following advantages 
over prism monochromators which are still employed in the Schoeffel double¬ 
beam spectrodensitometer SD 3000 and in the Zeiss chromatogram spectrometer: 

• The wavelength scale is approximately linear; this also means 

• that the wavelength scan is also linear making automation easier using appropri¬ 
ate stepping motors; 

• dispersion is almost constant and not wavelength-dependent, and 

• the light transmission above X = 270 nm is higher than is the case for prism 
monochromators. 

However, the usable spectral region is limited by the wavelength-dependent ef¬ 
ficiency of the gratings. 


i 
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Note: Gratings should never be “polished” with the fingers or breathed on. This 
is also true of coated or “bloomed” gratings which have magnesium or li thium 
fluoride evaporated onto them. 

Samples of spectrometers with grating monochromators 

• TLC scanner II, Camag (Fig. 10) 

• CD-60 densitometer. Desaga (Fig. 11) 

• CS 9000 Flying-spot scanner, Shimadzu (Fig. 12) 

• FTR-20 scanner, Sigma/Biochem (Fig. 13) 

Light Sources 

Lamps to be employed in photometry should 

• produce radiation that is as constant as possible both in origin and intensity and 

• be as good approximation as possible to a point source in order to facilitate the 
production of parallel beams [40]. 

A distinction must be made between continuous sources (hydrogen or deuterium 
lamps, incandescent tungsten lamps, high pressure xenon lamps) and spectral line 
sources (mercury lamps), which deliver spectrally purer light in the region of their 
emission lines. 

A continuous source has to be employed to record absorption spectra. Fluores¬ 
cence is usually excited with mercury vapor lamps; in the region of their major 
bands they radiate more powerfully than do xenon lamps (Fig. 14). 



200 300 tOO 500 600 700 600 

A'[#m] —•» 


Fig. 14: Radiation characteristics of a high pressure Hg lamp (Osram HBO 100; continuous 
line) and of a xenon lamp (PEK 75; broken line) [4]. The intensity / is represented logarithmi¬ 
cally in relative units. 
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Continuous sources: The sources of choice for measurements in the ultraviolet 
spectral region are hydrogen or deuterium lamps [1]. When the gas pressure is 30 
to 60 x 10“ 3 Pa they yield a continuous emission spectrum. The maxima of their 
radiation emission occur at different wavelengths (H 2 : A = 280 nm; D 2 : A = 
220 nm). This means that the deuterium lamp is superior for measurements in the 
lower UV region (Fig. 15). 
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Fig. 15: Relative intensity distribution of the radiation produced by a hydrogen and a 
deuterium lamp. 

Because of the high rate of diffusion of hydrogen the energy consumption resulting 
from thermal conduction is very large in the short-wave UV region and the 
radiation yield is relatively low. Deuterium diffuses more slowly, its thermal con¬ 
ductivity is lower and the radiation yield is ca. 30% higher than is the case for a 
hydrogen lamp. 

The continuum produced by both of these lamps is accompanied by emission lines 
in the visible spectral region at A = 486.12 nm (H 2 ) and A = 485.99 nm (D 2 ); these 
can be employed for adjustment and calibration of the wavelength scale. 
Hydrogen lamps are equipped with a rectangular slit for adjusting and centering 
the gas discharge; this ensures that the radiation intensity is particularly high in 
this region and the position of the radiation source is stable. But long-term drift 
cannot be excluded completely [1]. 

Tungsten incandescent lamps are primarily employed in the visible region (A = 
320...700 nm). They consist of an evacuated glass bulb [11] containing a thin, 
coiled tungsten wire which is heated to incandescence. Since tungsten melts at 
3655 K the usual operating temperature is 2400 to 3450 K. The higher the tempera¬ 
ture the higher is the vapor pressure of tungsten. The metal vapor is deposited on 
the relatively cool glass bulb so that the “transparency” of the glass is reduced, 
thus, reducing the operating life which is reported to be ca. 1000 hours at 2400 K. 
In order to reduce the rate of evaporation krypton or argon are often employed 
as protective gases, which means that 70 to 90% of the electrical energy is converted 
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to radiation. The fact that a considerable proportion of the energy is radiated 
above X = 800 nm is a disadvantage of the tungsten incandescent lamp. 

Halogen lamps are tungsten lamps whose glass bulbs also contain iodine vapor 
[42], When the coil is heated incandescent volatile tungsten iodine compounds are 
produced in the vapor phase and these are thermally decomposed at the glowing 
coil. This causes a reduction in the deposition of tungsten on the surface of the 
glass bulb so that such lamps can be operated at higher temperatures and generate 
a higher light yield. Since iodine vapor absorbs U V light these lamps have a purple 
tinge. 

High pressure xenon lamps are also employed in some TLC scanners (e.g. the 
scanner of Schoeffel and that of Farrand). They produce higher intensity radi¬ 
ation than do hydrogen or tungsten lamps. The maximum intensity of the radiation 
emitted lies between k = 500 and 700 nm. In addition to the continuum there are 
also weak emission lines below k = 495 nm (Fig. 14). The intensity of the radiation 
drops appreciably below k = 300 nm and the emission zone, which is stable for 
higher wavelengths, begins to move [43], 

Spectral line radiators: In contrast to the lamps described above mercury vapor 
lamps are gas discharge lamps [1], They are started by applying a higher voltage 
than the operating voltage. The power supply has to be well stabilized in order to 
achieve a constant rate of radiation and the radiator must always be allowed a 
few minutes to stabilize after it has been switched on. The waisting of the lamp 
body in the middle leads to a concentration of the incandescent region. This leads 
to stability of the arc. Its axis remains in the same position during operation and 
is readily optically imaged. However, it is impossible to ensure that the arc will 
not “jump”. In addition the relative intensities of the individual lines can change 
with respect to each other, which can cause a short or long-term change in the 
recorded baseline. The physical data concerning the most frequently employed 
mercury lamps are listed in Table 2. 

In contrast to the low-pressure lamps (1—130 Pa) which primarily emit at the 
resonance line at k = 254 nm, high-pressure lamps (10 4 -10 6 Pa) also produce 
numerous bands in the UV and VIS regions (Fig. 16). Table 3 lists the emission 
lines and the relative spectral energies of the most important mercury lamps (see 
also [44]). The addition of cadmium to a mercury vapor lamp increases the number 
of emission lines particularly in the visible region of the spectrum [45] so that it is 
also possible to work at k = 326, 468, 480, 509 and 644 nm [46], 

Recently the Ar + /He - Ne lasers have been employed for the analysis of thin-layer 
chromatograms [259-261], However, instruments of this type have not yet come 
into general use. 


ZJ> 


Table 2. Summary of the most important technical data on the most frequently employed 
Hg lamps [47]. 


Parameter 



High pressure Hg lamp 



St 41 


St 43 

St 46 

St 48 

Current type 

Direct current 

Alternating Direct current Direct current 




current 



Supply voltage [V] 

220 


220 

220 

220 

Total length [mm] 

120 


90 


85 

Usable lit length [mm] 

8 


20 


11.5 

Gas pressure [Pa] 

6 x10 s 


0.5 x10 s 


6 x 10 s 

Emitter current [A] 

0.6 


1.0 

0.6 

0.6 

Emitter power [W] 

45 


36 

33 

45 

Luminous intensity [cd] 

95 


31 

70 

95 

Luminous density [cd/cm 2 ] 

500 


25 

375 

500 

Examples of scanners 

KM-3 


FTR-20 

CD-60 

CS-930 

employing them 

chromato- 

TLC scanner densitometer scanner 

gram spectro- 

(Sigma) 

(Desaga) 

(Shimadzu) 


photometer 



TLC scanner 


(C. Zeiss) 



(Camag) 

Table 3. List of emission lines and their relative intensities for the most important mercury 

lamps *). 






Wavelength X 


Energy distribution of the emission bands 

[nm] 







St 41 


St 43 

St 48 


238 and 240 


3 


2 

3 

248 


8 


4 

8 

254 


55 


34 

55 

265 


25 


14 

25 

270 


5 


2 

5 

275 


4 


2 

4 

280 


10 


5 

10 

289 


7 


3 

7 

297 


18 


13 

18 

302 


31 


25 

31 

313 


69 


67 

69 

334 


7 


5 

7 

366 


100 


100 

100 

405 and 408 


43 


43 

43 

436 


81 


61 

81 

546 


108 


79 

108 

577 and 580 


66 


47 

66 


*) Exact intensities are given by Kaase et al. [48]. 
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Fig. 16: Relative intensity distribution of a mercury NK 4/4 low pressure lamp (A) and of a 
mercury St 41 or St 48 lamp (B). 


Photocells and photomultipliers (secondary electron multipliers, SEM) are mainly 
employed in photometry. These are detectors with an “external photo-effect”. 

Photocells: The basic construction of a photocell is illustrated in Figure 17. A 
photocurrent flows when the photocathode is illuminated, this is proportional to 
the intensity of illumination if the supply potential has been chosen to be higher 
than the saturation potential. A minimal potential is required between the 
photocathode and the anode in order to be able to “collect” the electrons that are 
emitted. The sensitivity is independent of frequency up to 10 7 Hz. The temperature 
sensitivity of evacuated photocells is very small. The dark current (see below) is 
ca. 10 11 A [1]. 



o 

© 


Fig. 17: The construction of a photocell, schematic [1]. 


Detectors 

The commercial instruments employ detectors of various types. Their utility de¬ 
pends fundamentally on 

• the constancy with time of the photocurrent at constant radiation levels and 
constant external conditions, 

• the proportionality of the photocurrent to the intensity of illumination and 

• the signal to noise ratio of the photodetector. 

A role is also played by the temperature and frequency dependence of the 
photocurrent, the variable surface sensitivity at various parts of the cathode and 
the vector effect of polarized radiation [40]. All the detectors discussed below are 
electronic components whose electrical properties vary on irradiation. The effects 
depend on external (photocells, photomultipliers) or internal photo effects (photo¬ 
elements, photodiodes). 


Samples of analytical units with photocells: 

• Turner fluorimeter, model III (Camag) 

• Quick Scan R & D densitometer (Helena) 

• Fiber optic densitometer, model 800 (Kontes) 

Photomultipliers: Secondary electron multipliers, usually known as photomulti¬ 
pliers, are evacuated photocells incorporating an amplifier. The electrons emitted 
from the cathode are multiplied by 8 to 14 secondary electrodes ( dynodes ). A 
diagramatic representation for 9 dynodes is shown in Figure 18 [5]. Each electron 
impact results in the production of 2 to 4 and maximally 7 secondary electrons at 
each dynode. This results in an amplification of the photocurrent by a factor of 10 
to 10 8 . It is, however, still necessary to amplify the output of the photomultiplier. 
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Fig. 18: Section through an RCA photomultiplier, schematic. — 0 photocathode, 1-9 
dynodes, 10 anode. 


The requirements for successful operation are a stable operating voltage of between 
400 and 3000 V. The sensitivity of the photomultipliers is also dependent on this 
if a special compensation is not incorporated. 

The absolute and spectral sensitivities can often vary by up to 100% within a few 
millimeters on the surface of the photocathode [49], Figure 19 illustrates this effect 
for a sideways and vertical adjustment of a photomultiplier, in addition slight 
maladjustment of the light entrance can lead to “zero line runaway” as a result of 
thermal effects. 



Fig. 19: Spacial dependence of the spectral sensitivity of a photocathode [50], 
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Depending on their positioning the dynodes are referred to as being “head-on” 
or “side-on”. Commercial scanners mostly employ “side-on” secondary electron 
multipliers where, as the name implies, the radiation impinges from the side — as 
in Figure 19. Their reaction time is shorter than for head-on photomultipliers 
because the field strength between the dynodes is greater. 

Head-on photomultipliers, on the other hand, possess a greater entry angle for 
the capturing photocathode (Fig. 20). A diffuse screen in front of the photocathode 
also allows the capture of light falling at an angle. These conditions are realized 
in the Camag TLC/HPTLC scanner I. The sensitivity of such head-on photomulti¬ 
pliers is independent of frequency up to 10 6 Hz. 


Incident radiation 
Opalescent layer 


Fig. 20: Cross section through a “head on” photomultiplier [51, 52], — 1—10 dynodes, 
11 anode. 

It is a disadvantage of all photomultipliers that the photocurrent is not completely 
proportional to the strength of illumination. Further, the photocurrent must not 
exceed 10“ 7 A or the photomultiplier becomes fatigued. Daylight switches are 
incorporated into some scanners for this reason in order to prevent over-illumi¬ 
nation of the detector when the sample chamber is opened. 

Detector noise: The detection limit for the recording of chromatographically 
separated substances is determined by 

• the “chromatographic noise” and 

• the “detector noise”. 

The latter mainly results from the thermal emission current. The dark current is 
apparent mainly in the long-wavelength range of the spectrum when the 
photocurrent is appropriately small [53, 54, 131]. It is relatively small for alloy 
cathodes (e.g. Sb-Cs cathodes), but not small enough to be negligible. 
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The emission of thermal electrons is subject to statistical fluctuations (lead shot 
effect). It is influenced by the current strength, the number of electric charges 
liberated and the frequency of the radiation [55] (see [40] for further details). 

Range of application and spectral sensitivity: The photomultipliers most frequently 
employed in scanners possess antimony-caesium cathodes. These alloy cathodes 
are primarily sensitive to the short-wavelength part of visible light (Tab. 4). 

The long-wavelength limit which depends on the cathode material is ca. X = 650 nm 
in the red region of the spectrum. If this does not suffice for the determination an 
antimony-alkaline metal alloy is employed as the cathode material [56—58]. 

The range of application into the short-wavelength region of the spectrum depends 
on the window material employed in the photomultiplier. Borosilicate glass 
(Kovar glass), for example, only transmits radiation down to about 280 nm, 
Suprasil down to 185 nm and fused quartz down to 160 nm. Hence fluorimeters 
which primarily detect long-wavelength radiation (fluorescent radiation) are often 
equipped with type S-4 detectors (Tab. 4), whose windows absorb a part of the 
short-wavelength radiations. 


Table 4. Charactenstics of the most important photomultipliers with Sb-Cs cathodes and 9 
amplification steps [50]. 


Type 

RCA 

Origin 

Hamamatsu EMI 

Spectral 
— response 
[nm] 

Wavelength 

maximum 

sensitivity 

Window 

material 

S-4 

1P21 

1P21 

9781A 

300.. 650 

400 

borosilicate 


931B 

R105 

— 

300...650 

400 

borosilicate 


— 

R105UH 

— 

300.. 650 

400 

borosilicate 

S-5 

1P28 

1P28 

9661B 

185...650 

340 

UV glass 


1P28/VI 

R212 

9781B 

185...650 

340 

UV glass 


— 

R212UH 

9781B 

185...650 

340 

UV glass 


1P28A 

R454 

9781R 

185...650 

450 

UV glass 


1P28A/VI 

R282 

— 

185...650 

450 

UV glass 

S-19 

4837 

R106 

9665A 

160...650 

340 

fused silica 


— 

R106UH 

9783B 

160. .650 

340 

fused silica 


Examples of scanners employing S-4 detectors: 

• UV/VIS chromatogram analyzer for fluorescence measurements (Farrand) 

• Spectrofluorimeter SPF (American Instrument Co.) 

• TLD-100 scanner (Vitatron) 
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The majority of detectors, which are employed for the measurement of absorption, 
employ UV glass (e.g. Suprasil). All type S-5 photomultipliers possess sheaths of 
this material, so that they ought to be usable in the far UV region if N 2 purging 
is employed (to remove 0 2 ) (Tab. 4). 

Scanners with S-5 detectors 

• KM 3 chromatogram spectrophotometer (C. Zeiss) 

• SD 3000 spectrodensitometer (Kratos/Schoeffel) 

• CD-60 densitometer (Desaga) 

Photomultipliers of type S-19 employ fused quartz instead of UV glass; this 
transmits down to a = 160 nm although this far UV range is not normally 
employed in scanners. 

Scanners with S-19 detectors 

• CS 920 scanner (Shimadzu) 

• CS 930 scanner (Shimadzu) 

Photoelements and photodiodes: Both photoelements and photodiodes are photo¬ 
electric components depending on internal photoelectric effects. 

In the case of photoelements incident quanta of light produce free charge earners 
in the semiconductor layer; previously bound electrons become free. Thus, the 
nonconducting layer becomes conducting. In addition, the migrating electrons 
produce “holes” which increase the conductivity. The radiation energy is directly 
converted into electrical energy. The construction of a photoelement is illustrated 
in Figure 21. 



Fig. 21: Principle of construction of a photoelement [1]. - 1 light-transmitting metal layer. 
2 semiconductor layer, 3 metal plate. 
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Photodiodes produce an electric field as a result of pn transitions. On illumination 
a photocurrent flows that is strictly proportional to the radiation intensity. 
Photodiodes are sensitive and free from inertia. They are, thus, suitable for rapid 
measurement [1, 59]; they have, therefore, been employed for the construction of 
diode array detectors. 


2.2.3.2 Principles of Measurement 

The scanners commercially available today operate on the basis of the optical 
train illustrated in Figure 22. 

They can be employed to 

• detect absorbing substances against a nonfluorescent plate background (Fig. 
22A: recording a scanning curve, absorption spectra, quantitative analysis of 
absorbing substances); 

• detect absorptions indirectly because of luminescence diminishing (Sec. 2.2.2). 
[Here, however, it is necessary to introduce a cut-off filter before the detector 
to absorb the shortwave excitation radiation (Fig. 22B)]; 




Fig. 22: Optical trains of the commercially available scanners. (A) absorption, (B) fluorescence 
quenching and true fluorescence. 

R = recorder, I = integrator, E = detector, Pr = sample (TLC plate), S = mirror, M = 
monochromator, L = lamps (incandescent lamp ®, deuterium lamp 0 and mercury lamp 
O), FI = cutoff filter. 
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• detect and analyze quantitatively fluorescent substances against a nonfluores¬ 
cent background without spectral analysis of the fluorescent light (Fig. 22B). 
[An additional filter is necessary here too (Sec. 2.3.3).] 

On emitting phases it is not possible to determine directly (in situ) the fluorescence 
and absorption spectra of compounds that absorb in the excitation range of 
luminescence indicators without distorting the measurement signal. 

Direct Determination of Absorbance 

Determination of absorption spectra in reflectance: If there is no luminescence 
radiation absorption spectra can be determined using the light path sketched in 
Figure 22A. If absorbing substances, such as, for example, dyestuffs, caffein or 
PHB esters, are determined spectrophotometrically after chromatography, then, 
depending on the wavelength, these components absorb a proportion (7 abs ) of the 
light irradiating them (7 0 ). The chromatographic zone remits a lower light intensity 
(7 ref ) than the environment around it. 

I o 7 abs — 7 re f 

Therefore it is possible to determine absorption spectra directly on the TLC plate 
by comparison with a substance-free portion of the layer. The wavelengths usually 
correspond to the spectra of the same substances in solution. However, adsorbents 
(silanols, amino and polyamide groups) and solvent traces (pH differences) can 
cause either bathochromic (ketones, aldehydes [60, 61], dyestuffs [62]) or 
hypsochromic (phenols, aniline derivatives [63]) shifts (Fig. 23). 

However, these absorption spectra can be employed as an aid to characterization, 
particularly when authentic reference substances are chromatographed on a 
neighboring track. The use of differential spectrometry yields additional infor¬ 
mation [64], Quantitative analysis is usually performed by scanning at the wave¬ 
length of greatest absorbance (2 max ). However, determinations at other wave¬ 
lengths can sometimes be advantageous, e.g. when the result is a better baseline. 
An example is the determination of scopolamine at X = 220 nm instead of at 2 mai = 
205 nm or of the fungicide vinclozolin at 2 = 245 nm instead of at 2 maI = 220 nm. 

Absorbance (reflectance) scanning: The positions of the chromatographically sep¬ 
arated substances are generally determined at 2 maI . As the chromatogram is 
scanned the voltage differences produced at the detector are plotted as a function 
of position of measurement to yield an absorption scan (Fig. 24). Conclusions 
concerning the amount of substance chromatographed can be drawn from the 
areas or heights of the peaks [5]. 





Indirect Determination of Absorption (Fluorescence Quenching) 

If the substance under investigation absorbs with wavelengths between 250 and 
300 nm, it should be checked whether it is possible to employ chromatographic 
layers containing luminescence indicators. For the inorganic indicators (Sec. 2.2.2) 
also absorb in this range and emit, for example, yellow-green long-wavelength 
radiation. Hence, it is the radiation that has not been absorbed by the substance 
plus the fluorescence/phosphorescence radiation emitted by the indicator that 
arrives at the detector. The signal produced is, therefore, a composite signal of 
these two radiation types. 

When working with a deuterium lamp the radiation energy is so low that the 
luminescence radiation only makes up a few percent of the total radiation. This 
can be easily checked in the majority of scanners by setting the total radiation (e.g. 
X = 260 nm) to 100% reflectance and then inserting a cut-off filter in the beam. 
This filter absorbs the short-wavelength radiation before it enters the detector 
(Fig. 22B). The energy that remains comes from the emission of the indicator or 
is produced by stray light. The remaining signal is almost always small. Hence, 
when a deuterium lamp is employed absorption determinations are only falsified 
to a small extent. This falsification is also reduced by the fact that at the site of a 
zone the absorbing substance also reduces the emission. The absorbing substances 
absorb energy in the excitation range of the luminescent indicator and, hence, less 
light is available for the stimulation of luminescence. 

However, the optical train illustrated in Figure 22B allows the determination of 
fluorescence quenching. The “interfering effect described above now becomes the 
major effect and determines the result obtained. For this purpose the deuterium 
lamp is replaced by a mercury vapor lamp, whose short-wavelength emission line 
(2 = 254 nm) excites the luminescence indicator in the layer. Since the radiation 
intensity is now much greater than was the case for the deuterium lamp, the 
fluorescence emitted by the indicator is also much more intense and is, thus, readily 
measured. 

The emission of the indicator is reduced in places where there are substance zones 
that absorb at 2 = 254 nm present in the chromatogram. This produces dark zones 
(Fig 4A), whose intensity (or rather lack of it) is dependent on the amount of 
substance applied. If the plate background is set to 100% emission the phosphores¬ 
cence is reduced appropriately in the region of the substance zones. When the 
chromatogram is scanned peaks are produced, whose position with respect to the 
start can be used to calculate Rf values and whose area or height can be used to 
construct calibration curves as a function of the amount applied (Fig. 25). 
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Fig. 25: Calibration curve for the determination of dulcin by fluorescence quenching and 
absorption [2], 


However, the direct determination of absorption at the wavelength of maximum 
absorption is more sensitive (or in the worst case at least as sensitive) as the indirect 
measurement of absorption by fluorescence or phosphorescence quenching. 

The fact that this type of analysis usually involves phosphorescence can be demon¬ 
strated by scanning a substance zone at various different rates. As can be seen in 
Figure 26 the rate of scanning of the TLC plate has an appreciable effect on the 
detector signal. The more rapidly the plate is moved the greater is the difference 
between the starting phosphorescence (chromatogram at rest) and the baseline 
during scanning (chromatogram in motion). Peak area and height also decrease 
appreciably; in addition, the baseline becomes more unsteady, which reduces the 
detection limit compared with that for absorption measurement at 2 max . So analysis 
of fluorescence quenching does not provide any advantages over the direct determi¬ 
nation of absorption. 

2.2.3.3 Quantitative Analysis 

The determination of the spectrum reveals which wavelength is suitable for quanti¬ 
tative analysis. The wavelength of maximum absorption is normally chosen, be¬ 
cause the difference from the background blank is greatest here. In this type of 
analysis the analyst “sacrifices” all the substance-characterizing information in the 
spectrum in favor of a single wavelength. When the chromatogram is scanned 
photometrically at this wavelength a plot is obtained of absorption versus position 
on chromatogram (Fig. 25); the peak heights and areas are a function of the 







• The irradiation of the sample must be diffuse. 

• Monochromatic radiation must be employed for the analysis, so that the diffrac¬ 
tion and refraction phenomena in the layer shall be as uniform as possible. This 
also means that the radiation reaching the detector in reflectance retains its 
“color value” and only changes in its intensity. This would not be the case for 
polychromatic light; since a certain proportion of the light is absorbed during 
the determination the composition of the light would change and would, 
amongst other things, alter the sensitivity of the photomultiplier to the remaining 
light. 

• Mirror reflection (= regular reflection) must not occur. 

• The layer thickness must be large in comparison with the wavelength employed 
so that no radiation can penetrate right through the layer and escape measure¬ 
ment. 

• The particles must be randomly distributed in the layer to avoid interference 
effects. 

• The particles making up the adsorbent must be very much smaller in size than 
the thickness of the chromatographic layer. 

These general requirements also apply to adsorbents laden with substance. All 

these requirements are not fulfilled to the same extent in thin-layer chromatogra¬ 
phy. So the Kubelka-Munk function does not apply without qualification. 

For this reason it is understandable that numerous empirical functions have been 

proposed as substitutes for use in practical analysis [5, 74]. 



---- OJ - 

deactivation); 

• emitting the absorbed energy instantan 
of fluorescence [3, 75, 76]. 




Fig. 27: Schematic representation of the relat 
emission of the molecules — m and m’ are th 
numbers [4]. 
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The radiation emitted is usually longer in wavelength (i.e. lower in energy) than 
the incident light (Store’s law). It is only in the case of 0—0 transitions (shown 
in Figure 27 as thick arrows) that the wavelengths for fluorescence and activation 
are identical. 

Since only relatively few substances are capable of emitting fluorescent radiation, 
they can be particularly selectively detected. This means that the selectivity of the 
chromatographic separation, which is always aimed at, is meaningfully extended 
by the selectivity of detection. Accompanying substances that absorb radiation 
but do not emit light do not interfere when the analysis is made by the selective 
determination of fluorescence! 

The same UV lamps discussed in Section 2.2.3.1 are employed to excite fluores¬ 
cence. Excitation is usually performed using long-wavelength radiation (A = 
365 nm), shorter wavelengths are occasionally employed (e.g. A = 302 nm, DNA 
analysis). 

2.3.2 Visual Detection 

If the fluorescent radiation lies above A = 400 nm it is detectable to the naked eye. 
Light-bright zones are seen on a dark background. When this backgound does 
not appear black this is because the “black light” filter of the UV lamp is also 
more or less transparent to violet visible light. This covers the whole chromatogram 
and also distorts the visual impression of the color of the fluorescence. Table 1 
lists the emission wavelengths of the various fluorescent colors, which can, just as 
R f values be employed as an aid to substance identification (in fluorimetry the 
subjective color impression does not correspond to the complementary color!). 
If the evidence so obtained is insufficient then microchemical or physiological- 
biological detection can follow. It is also possible to record the absorption and 
fluorescence spectra. 

2.3.3 Fluorimetric Determinations 

The optical train employed for photometric determinations of fluorescence de¬ 
pends on the problem involved. A spectral resolution of the emitted fluorescence 
is not necessary for quantitative determinations. The optical train sketched in 
Figure 22B can, therefore, be employed. If the fluorescence spectrum is to be 
determined the fluorescent light has to be analyzed into its component parts before 
reaching the detector (Fig. 28). A mercury or xenon lamp is used for excitation in 
such cases. 

Cut-off filters are employed to ensure that none of the excitation radiation can 
reach the detector. Monochromatic filters are used to select particular spectral 



2.3 The Detection oj tiuorescent Substances st> 



Pr 

Fig. 28: Optical train for the recording of fluorescence spectra. 

regions in a continuum (e.g. in the fluorescent radiation) or — employed on the 
excitation side — to pick out individual lines of a discontinuous spectrum. Their 
quality increases with the narrowness of their half-width and with their trans¬ 
parency at maximum. 

Fluorescence scanning of chromatograms of polycyclic aromatic compounds is a 
vivid example of their employment. A careful choice of the wavelengths of exci- 



Fig. 29: Fluorescence scans of polycyclic aromatic hydrocarbons at various excitation 
wavelengths in combination with various secondary filters. 

BghiP = benzo(g,h,i)perylene; CH Y = chrysene; Per = perylene; BbF = benzo- 
(b)fluoranthene; BkF = benzo-(k)fluoranthene; BaP = benzo-(a)pyrene; IP = indeno- 
(l,2.3-cd)pyrene; Att = anthanthrene. 
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tation and recording (emission) allows selective detection of the individual 
components (Fig 29) 

The relationships between amount of substance applied and the heights or areas 
of the peaks in the chromatogram scan are employed for the quantitative determi¬ 
nation of fluorescent substances The following relationship is applicable when 
the amount of substance is small 

I n = kl 0 £ ad 

Where 

7fi fluorescence intensity 
k proportionality factor 
I 0 intensity of irradiating hght 
e molar absorption coefficient 
a amount of substance applied 
d thickness of adsorbent layer 

The intensity of the emitted fluorescence I n is, therefore, directly proportional to 
the amount of substance applied a This relationship is much simpler than the 
Kubelka-Munk function and always leads to a linear calibration curve passing 
through the origin If this is not true then interference is occurring [5] 

When recording excitation and fluorescence spectra it must be ensured that mono¬ 
chromatic hght falls on the detector This can best be verified in instruments 
built up on the kit principle or in those equipped with two monochromators 
(spectrofluonmeters) The majority of scanners commercially available at the 
moment do not allow of such an optical train, which was realized in the KM3 
chromatogram spectrometer (Zeiss) So such units are not able to generate direct 
absorption or fluorescence spectra for the characterization of fluorescent com¬ 
ponents 


2.4 Detection of Radioactively Labelled Substances 

Radioactively labelled compounds have been employed in biology for the clarifi¬ 
cation of metabolic processes since the mid-1940s It has, thus, been necessary to 
prepare such substances and to check on their purity 

All the usual detection methods are naturally suitable for the detection of such 
substances (Fig 2) In addition, however, it is also possible to detect the /J-radiation 
they produce The selectivity of the detection is, thus, increased This, however, 


does not provide any possibility of substance-specific detection, since all 14 C 
labelled compounds, for instance, give the same “reaction” at a detector 

The isotopes listed in Table 5 are the ones most frequently employed They are all 
weak /1-emitters with a relatively long half-hfe, so that they can unfortunately 
contaminate the organism in medical investigations 


Table 5 List of the most commonly employed /Lradiation-emittmg radioisotopes according 
to their half-lives [5] 


Isotope 

Energy [MeV] 

Half-life 

36 C1 

0 71 

4 4x 10 s years 

14 C 

0155 

5 6 x 10 3 years 

3 H 

0 018 

12 26 years 

35 S 

0167 

87 2 days 

32p 

1 70 

14 3 days 

,31 i 

0 608 

8 07 days 


The isotopes can be detected by 

• autoradiography, 

• fluorography (scintillation autoradiography), 

• spark chamber detection and 

• scanning techniques 

Their sensitivities are given in Table 6 We will discuss these detection techniques 
in more detail in Volume 2 


Table 6 Summary of the 14 C detection limits of various radio TLC methods [77] 


Method 

Detection limit 


[nCi]* 

Liquid scintillation method 

0 01 

Autoradiography 

0 05 

Spark chamber method 

0 05 

Radioscanning 

0 1 02 


nCi symbol for nano-cune, this unit corresponds to the amount of substance which 
produces as many disintegrations per second as 1 ng radium 



42 


2 Physical Methods of Detection 


ZJ IVOfUlCSiruCll VC uccuvn \sin cr i riyot L.UI iucmt/uj 


2.5 Nondestructive Detection Using Other Physical Methods 

2.5.1 Spectral Phenomena 

It is often of importance to detect compounds in the chromatogram without 
causing chemical change. In the case of substances containing conjugated double 
or triple bonds observation under UV light is to be recommended (Sec. 2.2.2). If 
the layer contains a “fluorescence indicator” that emits radiation on irradiation 
with short-wavelength UV light then the zone of absorbing substance appears as 
a dark spot on a yellowish-green or bluish emitting background. 

Substances that are intrinsically fluorescent can often be excited with long-wave¬ 
length UV light. They absorb the radiation and then emit, usually in the visible 
region of the spectrum, so that they appear as bright luminous zones, which can 
frequently be differentiated by color. They, thus, set themselves apart from the 
multitude of substances that only exhibit absorption. This detection possibility is 
characterized by high specificity (Sec. 2.3). 

Differences in solubility behavior or the influence on pH are also employed for 
nondestructive detection and they will now be discussed. 


2.5.2 Wetting and Solubility Phenomena 

Silica gel, kieselguhr and aluminium oxide are hydrophilic adsorbents. Spraying or 
dipping the chromatogram in water yields transparent layers, on which lipophilic 
substances are not wetted and they appear — if their concentration is sufficient — 
as dry “white zones”. This effect can be recognized particularly well if the TLC 
plate is held against the light while the completely wetted layer is slowly allowed 
to dry. The zones can be marked and later employed for micropreparative investi¬ 
gations or for biological-physiological detection. If the compounds are 
radioactively labelled scintillation counting can also follow [78], Examples of such 
detection are listed in Table 7. 

Aqueous solutions of dyes can also be employed instead of water. In the case 
of hydrophilic dyes such as methylene blue or patent fast blue the transparent 
background of the TLC/HPTLC plate is stained blue. Pale spots occur where there 
are nonwetted zones. Dauble [89] detected anion-active detergents in this way on 
silica gel layers as pale zones on a blue background with palatine fast blue GGN 


Table 7. Nondestructive detection of lipophilic substances with water as detecting reagent. 


Substances 

References 

Substances 

References 

Hydrocarbons 

[79] 

Cholestanone, a-cholestanol 

[80] 

Bile acids 

[81,82] 

Triterpene derivatives 

[83] 

Sapogenins 

[84] 

Cyclohexanol 

[85] 

N-Aryl-N',N'-dialkyl- 

urea 

Sulfur-containing 


herbicides 

[86] 

polysaccharides 

[87] 

Phosphoinositides 

[88] 




and other dyestuffs. The detection limits for fatty acids lie at 1 to 2 pg per 
chromatogram zone [90], The contrast is best recognizable immediately after 
dipping; it slowly disappears during drying. 

On reversed phase layers, in contrast, detergents yield dark blue zones on a pale 
background. Here it is the lipophilic part of the detergent molecule that is aligned 
with the surface RP chain and the dye is attracted to the anionic part of the 
molecule. Steroid derivatives can also be detected with aqueous solutions of dyes 
[91]. 

Lipophilic dyes in aqueous alcoholic solutions can be employed in an analogous 
manner [92, 93]. They are enriched at the zones of lipophilic substances, so that 
these appear deeply colored on a pale background. This does not apply to fatty 
acids with less than 12 C atoms [94]. 

The same applies to fluorescent substances. These dissolve in the hydrophobic 
zones and lead to increased fluorescence when observed under long-wavelength 
UV light. Mangold and Malins [95] were the first to exploit this principle. They 
sprayed their chromatograms with a solution of dichlorofluorescein and observed 
that lipophilic substances produced a yellow-green fluorescence on a purple- 
colored background. Their method was adopted by numerous groups of workers 
[96 — 106]. Mixtures with rhodamine B have also been employed [107, 108]. 
Froehling et al. [109] later employed an aqueous solution of Ultraphor WT to 
detect triglycerides. Glycoalkaloids can be detected fluorimetrically with alcoholic 
Blankophor-BA267 solution [110]. Such detection is even possible on paraffin- 
impregnated or RP layers [111]. 

Further examples illustrating the versatility of this nondestructive detection 
method are listed in Table 8. 
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Table 8. Employment of fluorescent substances for the nondestructive detection of lipophilic 
substances. 


Reagent 

Field of application and references 

8-Anilinonaphthalenesulfonic 
acid ammonia salt (ANS re¬ 
agent) 

fatty acids [112,113]; lecithin/sphingomyelin [114, 115]; 
cholesterol and its esters [116, 117]; steroids, detergents, hy¬ 
drocarbons [118,119]; prenol, prenylquinones [120] 

Berberine 

sterols [121 —123]; saturated organic compounds [124] 

Brilliant green 

neutral esters of phosphoric acid [125], carbamate herbicides 
[34] 

Eosin 

Flavonoids: 

Morin 

Flavonol, fisetin, robinetin 
Quercetin 

Rutin 

condensation products of urea, formaldehyde and methanol 
[126], pesticide derivatives [127]; sweetening agents [128, 
129]; anion-active and nonionogenic surface-active agents 
[130] 

steroids, pesticides [29,132, 133] 
pesticides [134—137] 

vanadium in various oxidation states [138] 
uracil derivatives [139] 

Fluorescein 

paraffin derivatives, waxes, hydrocarbons [140, 141]; ali¬ 
phatic acids [142]; hydroquinone and chlorinated derivatives 
[143]; isoprenoids, quinones [111,144]; oxathizine fungicides 
[145]; barbiturates, phenothiazines [146] 

Pinacryptol yellow 

surface-active agents [147—151]; carbamate-based insecti¬ 
cides and herbicides [152]; organic anions [153]; sweeteners 
[129, 154] 

Rhodamine B 

vaseline [155]; diphenyl, polyphenols [156]; maleic and fu- 
maric acids [162]; flavonoids [158]; alcohols as 
3,5-dinitrobenzoates [159, 160]; gangliosides [161]; 
1-hydroxychlorden [162]; carbamate pesticides [163]; para- 
thion and its metabolites [164]; polyethylene and 
polypropylene glycols [165]; terpene derivatives [166]; men¬ 
thol [167] 

Rhodamine G 

neutral steroids [168] 

Rhodamine 6G 

long-chain hydrocarbons [169]; squalene, a-amyrin [170]; 
methyl esters offatty acids [171]; glycerides [91]; sterols [172, 
173]; isoprenoids, quinones [111]; lipoproteins [174]; 
glycosphingolipids [175]; phenolic lipids [176]; 
phosphonolipids [177]; increasing the sensitivity after ex¬ 
posure to iodine vapor [178,179] 

6-/?-Toluidino-2-naphthalene 
sulfonic acid (TNS reagent) 

cholesterol [180]; phospho- and glycolipids [181]; neutral 
lipids [182] 

Uranyl acetate 

purines [36] 


2.5.3 Acid/Base Properties 

Acidic and basic substances can be detected using pH indicators. Indicators 
changing color in the acid region are primarily employed. They are applied to the 
chromatogram by dipping or spraying with 0.01 to 1% solutions. The pH is 


Table 9. Use of indicator dyes to detect pH-active substances. 


Indicator/pH transition range 

Application and references 

Bromocresol blue (3.8...5.4) 

lichen acids [186] 

Bromocresol green (3.8...5.4) 

aliphatic carboxylic acids [103,187 — 204]; triiodobenzoic 
acid [205], derivatives of barbituric acid [206]; 
amphetamine derivatives [207, 208]; phenazones, 
morazone [209]; alkaloids [91, 209]; nephopam [210]; 
phenyramidol metabolites [211]; diethylalkylacetamide 
derivatives [212]; zipeprol (Mirsol) [213]; thalidomide 
and hydrolysis products [214]; cyclohexylamine deriva¬ 
tives [215]; herbicide residues [216] 

Bromocresol purple (5.2...6.8) 

glutamic and ketoglutaric acids [217], halide and halate 
anions [91, 218, 219]; preservatives [220, 221]; products 
of pyrolysis of epoxy resins [222]; 5-aminodibenzocyclo- 
heptane derivatives [223]; phenylalkanolamines, eph- 
edrine [224] 

Bromophenol blue (3.0...4.6) 

aliphatic carboxylic acids [225—228]; malonic and lactic 
acids [229]; palmitic and lactic acids [230]; malonic, gly¬ 
colic, malic, citric, tartaric, ketoglutaric, galacturonic and 
oxalic acids [196]; dicarboxylic acids, succinic acid [231]; 
indoleacetic acid, trichloroacetic acid [232]; palmitic acid, 
palmityl- and stearyllactic acid [223]; benzoic, sorbic and 
salicylic acid [234]; metabolites of ascorbic acid [235]; 
chloropropionic acid [236]; oligogalacturonic acids [237]; 
amino acids, hydrocarbons, mono-, di- and triglycerides 
[238]; xylobiose, xylose, glucose and derivatives [239]; 
sugar alcohols [91]; toxaphene [240] 

Bromothymol blue (6.0...7.6) 

acid lipids, cholesterol glucuronides and gangliosides 
[241]; aryloxybutanolamine derivatives [242]; 
norfenfluramine derivatives [243]; ethylamphetamines 
[244]; in volatile mineral oil hydrocarbons [245]; 
phospholipids [91] 

Malachite green (0.0...2.0) 

uracil derivatives, triazine herbicides [163]; polar lipids 
[246, 247]; phospholipids [248, 249]; fatty adds, fatty 
aldehydes, phospholipids and glycolipids [250]; 
microbiotidal isothiazolones [251] 
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adjusted to be near the indicator range by the addition of either boric or citric 
acid or borax, ammonium hydroxide or sodium hydroxide solution. Mixed indi¬ 
cators such as dimethyl yellow and pentamethylene red [183], or methyl red with 
bromocresol green [184] or with bromophenol blue [185] have also been employed 
in addition to the indicator dyes listed in Table 9. 

2.5.4 Treatment with Iodine 

Treatment of the solvent-free chromatogram with iodine vapor or by dipping in 
or spraying with iodine solution (0.5—1%) is a rapid and economical universal 
method of detecting lipophilic substances. Molecular iodine is enriched in the 
chromatogram zones and colors them brown. 

In practice a few iodine crystals are usually placed on the bottom of a dry, closed 
trough chamber. After the chamber has become saturated with violet iodine vapor 
the solvent-free plates are placed in the chamber for 30 s to a few minutes. The 
iodine vapor condenses on the TLC layers and is enriched in the chromatogram 
zones. Iodine vapor is a universal detector, there are examples of its application for 
all types of substances, e.g. amino acids, indoles, alkaloids, steroids, psychoactive 
substances, lipids (a tabular compilation would be too voluminous to include in 
this section). 

The chromatogram is observed and documented as soon as the spots are readily 
visible. The iodine can then be allowed to evaporate from the chromatogram (fume 
cupboard!). The chromatogram can then be subjected to further reactions or 
processes after this reversible reaction. 

If it is desired to stabilize slightly yellow-colored iodine-containing chromatograms 
this is best done by treating them with dilute starch solution. This produces the 
well-known blue iodine inclusion compounds and these are stable over a long 
period. 

Although, in most cases, iodine is a fairly inert halogen (in contrast to bromine) 
and does not normally react with the substances that have been chromatographed 
there are, nevertheless, examples where chemical changes have been observed. 
Oxidations can evidently take place (e.g. aromatic hydrocarbons and isoquinoline 
alkaloids [252,253]) and additions and substitutions have also been observed. Pale 
zones then appear on a brown background. 

Emetine andcephaeline, the two major alkaloids of ipecacuanha, begin to fluoresce 
after treatment with iodine vapor [254], The molecular iodine, which acts as a 
quencher, must be removed by heating in the drying cupboard or on a hotplate 


(fume cuboard! 60—100 °C), before the yellow (emetine) and blue (cephaeline) 
fluorescence of the zones becomes visible. With appropriate standardization this 
reaction is suitable for in situ fluorimetric quantitation [255]. 

Other examples of irreversible derivatization on treatment with iodine have been 
described for phenolic steroids (estrone derivatives [256]), morphine [257] and 23 
other pharmaceuticals [258]. These reactions are probably favored by the presence 
of silica gel as stationary phase and by the influence of light. 
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3 Chemical Methods of Detection 


Every analytical result forms the basis for a subsequent decision process. So the 
result should be subject to a high degree of precision and accuracy. This is also 
true of chromatographic methods. The physical detection methods described until 
now are frequently not sufficient on their own. If this is the case they have to be 
complemented by specific chemical reactions (derivatization). 

These reactions can be carried out during sample preparation or directly on the 
layer at the start after application of the sample. Reactions have also been described 
in the capillaries employed for application. 

Thus, Mathis et al. [1, 2] investigated oxidation reactions with 4-nitroperbenzoic 
acid, sodium hypobromite, osmium tetroxide and ruthenium tetroxide. Hamann 
et al. [3] employed phosphorus oxychloride in pyridine for dehydration. However, 
this method is accompanied by the disadvantages that the volume applied is 
increased because reagent has been added and that water is sometimes produced 
in the reaction and has to be removed before the chromatographic separation. 

All cases involve prechromatographic derivatizations which introduce a chromo- 
phore leading to the formation of strongly absorbing or fluorescent derivatives 



Fig. 30: Schematic representation of the position of the derivatization steps. 
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which increase the selectivity of the separation, increase the sensitivity of detection 
and improve the linearity [4], Trace analyses often only become possible after 
chemical reaction of the substance to be detected. The aim of prechromatographic 
derivatization is, thus, rather different than that of postchromatographic 
derivatization, where the aim is first to detect the substance and then only second¬ 
arily to characterize it (Fig. 30). 


3.1 In Situ Prechromatographic Derivatization 

There has for some years been a considerable backlog in the development of 
practicable prechromatographic methods [5]. It is becoming more and more re¬ 
cognized that the future direction to be taken by trace analysts is to make improve¬ 
ments in the extraction, enrichment and clean-up of the sample and in the optimiza¬ 
tion of derivatization. It is only in this way that it is possible to employ the sensitive 
chromatographic techniques optimally for the solution of practically relevant 
problems. 

About 100 000 new chemical compounds are synthesized every year [6]; these have 
to be recognized, identified and determined quantitatively. Ever more frequently 
this is only possible because of the employment of multiple chromatographic 
methods coupled with derivatization during or before the separation process. 

For these reasons “Reaktions-Chromatographie” [7] (“Chromatographie fonctio- 
nelle sur couche mince” [1,2]) is steadily gaining in importance. Here the reaction, 
which also then takes on the role of a clean-up step, is performed at the start or 
in the concentration zone of the TLC plate. 

The requirements of such a reaction are [8]: 

• single, stable reaction products, 

• high yields in all concentration ranges, 

• simplicity and rapidity in application, 

• no interference by excess reagent with the chromatographic separation and 
analysis that follows. 

Such in situ reactions are based on the work of Miller and Kirchner [9] and 
offer the following possibilities [10]: 

• The reaction conditions can be selected so as to be able to separate substances 
with the same or similar chromatographic properties (critical substance pairs) 
by exploiting their differing chemical behavior, thus, making it easier to identify 
them. Specific chemical derivatization allows, for example, the esterification of 
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primary and secondary alcohols which can then be separated from tertiary 
alcohols by a subsequent chromatographic development (Sec. 3.1.5). It is just 
as simply possible to separate aldehydes and ketones produced by oxidation at 
the start from unreactive tertiary alcohols and to detect them group-specifically. 

• The stability of the compound sought (e.g. oxidation-sensitive substances) can 
be improved. 

• The reactivity of substances (e.g. towards the stationary phase) can be reduced. 

• The stability of the compound sought (e.g. oxidation-sensitive substances) can 
be improved. 

This, on the one hand, reduces the detection limit so that less sample has to be 
applied and, thus, the amounts of interfering substances are reduced. On the other 
hand, the linearity of the calibration curves can also be increased and, hence, fewer 
standards need to be applied and scanned in routine quantitative investigations 
so that more tracks are made available for sample separations. However, the 
introduction of a large molecular group can lead to the “equalization” of the 
chromatographic properties. 

In practice, reaction chromatography is usually performed by first applying spots 
or a band of the reagent to the start zone. The sample is usually then applied while 
the reagent zone is still moist. Care should be taken to ensure that the sample 
solvent does not chromatograph the reagent outwards. The reagent solution can 
be applied once more, if necessary, to ensure that it is present in excess. There is 
no problem doing this if it is employed as a band with the Linomat IV, (Fig. 31], 
for instance. 

If heat is necessary to accelerate the reaction, the start zone should be covered by 
a glass strip before being placed on a hotplate or in a drying cupboard. After 
reaction is complete the TLC plate should be dried and development can begin. 
There have also been repeated descriptions of coupling in the sense of a two- 
dimensional S —R —S (separation — reaction — separation) technique. In this 
case the chromatogram track from the first separation serves as the start zone 
for a second chromatographic development after turning the plate at 90°. The 
derivatization described above is performed between the two chromatographic 
separation steps. 

Reactions can also occur during chromatographic development. These can either 
be undesired reactions or planned derivatizations. Thus, Weicker and Brossmer 
[11] have reported, for example, that hexoses, pentoses and disaccharides can be 
aminated when ammonia-containing mobile phases are employed on silica gel G 
layers. On the other hand, fluorescamine or ninhydrin have been added to the 
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Fig. 31: Linomat IV (Camag). 


mobile phase with the aim of converting peptides, amino acids or amines to 
fluorescent or colored derivatives. Unsaturated fatty acids or sterols have been 
brominated by adding bromine to the mobile phase or oxidized by the addition 
of peracetic acid. Other examples are to be found in Section 3.2.4. 

When undertaking quantitative investigations it should be checked that the reac¬ 
tion on the TLC plate is complete — or at least stoichiometric and reproducible. 
In all cases it is also useful to apply reagent and sample solutions separately on 
neighboring tracks in order to be able to determine where the starting products 
appear in the chromatogram under the reaction conditions. In this way it is 
possible to decide whether additional by-products are produced. 


3.1.1 Oxidation and Reduction 

Oxidations and reductions are amongst the most frequent in situ prechromato¬ 
graphic reactions; they were exploited as early as 1953 by Miller and Kirchner 
[9]. They characterized citral as an aldehyde by oxidizing it to geranic acid and 
reducing it to geraniol. Further examples are listed in Table 10. 


3.1 In Situ trecnromaiograpnw utrivuuAuuvn 




Table 10: Selection of prechromatographic derivatizations involving oxidation and reduction 


reactions. 



Substances 

Method, reagent and end products 

References 

Oxidations 

Phenothiazines 

Apply sample solution followed by 10—20% hy¬ 
drogen peroxide solution, dry at 60"C. Sulfoxides 
are produced. 

[12] 

Anthocyanins 

Anthocyanins, which interfere with the 
chromatographic determination of other sub¬ 
stances, are destroyed by “overspotting” with 3% 
ethanolic hydrogen peroxide solution. 

[13] 

a-Terpineol 

Apply sample solution as spots followed by 
4-nitroperbenzoic acid at the start, allow to react 
for several minutes, dry and develop. 

[1] 

Geraniol 

Apply alcoholic solution, then 20% chromic acid 
in glacial acetic acid, allow to react and develop. 
Citral is formed. 

[14] 

Isopulegol, daucol, men¬ 
thol, khusol etc. 

The terpenoids are applied at the start together 
with 1,4-naphthoquinone potassium tert- 
butoxide, heated together to 120°C for 24 h then 
developed. 

[15] 

Diosgenin, tigogenin, 
androst-5-en-l 7-on-3-/?-ol 

Moisten the dried sample zone with 20% alu¬ 
minium isopropoxide in benzene, spray with 
acetone-benzene (4 + 1), heat to 55 °C in a benzene 
acetone (1 + 1) atmosphere (twin-trough 
chamber) for 2 h, then dry, spray with 10% aque¬ 
ous silver nitrate solution and finally dry for 

20 min at 80 °C. Diosgenone and tigogenone are 
produced, for example, (Oppenauer reaction, an¬ 
hydrous solvent!). 

[16] 

17-Hydroxy- 
corticosteroids 

Apply sample then follow with 10% aqueous so¬ 
dium periodate solution, allow to react, dry at 
50°C and develop. 17-Ketosteroids are produced. 

[3] 

Oleanolic acid, ursolic 
acid, betulic acid 

Apply sample solution followed by 2% 
chromium(VI) oxide solution in acetic acid, spray 
with acetic acid and keep in an atmosphere of 
acetic acid for 30 to 50 min in a twin-trough 
chamber. Then heat to 50°C for a few minutes, 
spray with methanol to destroy the excess of 
oxidizing agent, activate the TLC plate and de¬ 
velop. Oleanonic acid, 3-ketoursolic acid and 
3-ketobetulic acid are produced. 

[16] 
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Table 10 (Continued) 


Substances 

Method, reagent and end products 

References 

Alkaloids 

a) 10% chromic acid in glacial acetic acid is ap¬ 
plied on top of the sample spot Development is 
performed after a bnef reaction penod 

[2] 


b) Dehydration by heating the applied sample 
solution on silica gel layers 

[18,19] 

Strychnine, brucine 

Oxidation is performed with potassium 
dichromate solution This oxidizes brucine to the 
o-quinone which can then be separated 
chromatographically 

[17] 

Polyaromatic hydro¬ 
carbons (PAH) 

a) Apply the sample solution, spray with 
tnfluoroacetic acid solution, heat to 100°C, cool 
and develop Tnfluoroacetic acid catalyzes oxi¬ 
dation by atmospheric oxygen 

[20] 


b)Apply sample solution and place in an iodine 
chamber for several hours, allow the iodine to 
evaporate 3,4-Benzpyrene forms, for example, 
his-3,4-benzpyrenyl 

[21] 

Reductions 



Steroids 

The applied steroids are reduced by means of a 
mixture of 10% ethanohc sodium borohydnde 
solution and 0 1 N sodium hydroxide solution 
(1+1) The excess reagent is neutralized with acid 
after 30 mm 

[3] 

Strychnine 

Sample applied as spots followed by 5% sodium 
borohydnde solution, which is then dried and fol¬ 
lowed by development 

[22] 

Oleanonic acid, 
tigogenone 

Apply sample and then treat with 10% sodium 
borohydnde solution in methanol—water (1 + 5) 
Spray TLC plate with methanol and store in a 
desiccator at 55 °C for 1 5 h over ethanol —meth¬ 
anol—dioxan (4 + 1 + 1), then dry the TLC plate 
(drying cupboard) and develop Oleanolic acid 
and tigogenin are produced 

[16] 

7-Ketocholesterol, sterol 
hydroperoxides 

Alkaloids 

The applied sample is treated with 1 % methanolic 
sodium borohydnde After allowing reaction to 
proceed for 5 min the TLC plate is dned and then 
developed 

Sodium borohydnde solution is applied after the 
sample solution The plate is dried and developed 
after a few minutes 

[23, 24] 

[2, 25] 


Table 10 (Continued) 


Substances 


Method, reagent and end products 


References 


Disulfides The applied sample solution is treated with 0 4% [26] 

sodium borohydnde solution in 95% ethanol 
After 15 to 20 min reaction time the excess reagent 
is destroyed with acid 

Apply 5% palladium or platinum chloride in 50% [16] 

hydrochloric acid to the start, then spray with 
alkaline formaldehyde solution and dry in air, 
spray with 5% acetic acid solution and dry at 
80 °C Then apply the sample solution and lightly 
spray with ethyl acetate Store the TLC plate for 
50 to 72 h in a desiccator over ethyl acetate in a 
slight stream of hydrogen, then dry and develop 
The product is, for example, methyl des- 
oxyglycyrrhetate 

Fatty acids Apply 1 drop colloidal palladium solution to the [27, 28] 

start zone and dry at 80 to 90°C for 60 min Then 
apply the sample solution, store the TLC plate for 
60 min in a hydrogen-filled desiccator, then dry 
and develop 

Apply colloidal palladium solution to the starting [29] 
point (diameter 8 to 10 mm) and dry Then apply 
sample solution and gas with hydrogen (desic¬ 
cator) for 1 h Maleic and fumanc acids yield suc¬ 
cinic acid etc , which may also be separated 
chromatographically 


Maleic, fumanc, 
glutaconic, citraconic, 
mesacomc and ltacomc 
acid 


Methyl glycyrrhetate, 
diosgenin 


Amino acids 


Nitro compounds 


1 Nitropyrene 


Tetrazohum salts 


The configuration was determined by reacting [30] 

with a carbobenzyloxy-L-amino acid azide and 
reductively removing the protective group with 
hydrogen/palladium chloride solution 

The sample was applied, followed by 15% zinc [31] 

chlonde solution and dilute hydrochloric acid 
The reaction was allowed to proceed for a short 
time, the plate was then dried and the amino com¬ 
pounds so formed were chromatographed 

Extracts of diesel exhaust gases were applied to [32] 

concentrating zone, platinum chlonde solution 
was then applied followed by sodium boro¬ 
hydnde 1-Aminopyrene was formed 

Formazan dyes are produced on reaction of [33] 

tetrazohum salts with ammonium sulfide 
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Table 10 (Continued) 


Substances 

Method, reagent and end products 

References 

1 l-/5-Hydroperoxy- 
lanostenyl acetate 

The sample solution is applied and then treated 
with 5% iron(II) ammonium sulfate in water — 
methanol — ether (2 + 1 4-1) 11-Oxolanostenyl 
acetate is formed 

[34] 


3.1.2 Hydrolysis 

Hydrolytic reactions can also be performed at the start as well as oxidative and 
reductive ones They can be earned out by “wet chemistry” or enzymatically 
Examples are listed in Table 11 


Table 11 Prechromatographic denvatization involving hydrolytic and enzymatic cleavage 
reactions 


Substances Method, reagent and end products References 


Acid hydrolysis 


Alkenylacyl- and 
diacylethanol amine phos- 
phatides 


Apply bands of sample solution, overspray with 
12% hydrochloric acid, leave in an atmosphere of 
nitrogen for 2 mm and then dry in a stream of 
nitrogen, then chromatograph The vinyl ether 
linkages in the phosphatides are hydrolyzed 


Flavone, cumann and 
tnterpene glycosides, 
solamargine, solasonine 


Spray the sample zone with 10% ethanolic hydro¬ 
chloric acid Then expose to the vapors of cone 
hydrochloric acid — ethanol (1 + 1) in a twin- 
trough chamber, heat to 50 to 55 °C for 4 to 5 h, 
dry at 90 °C for 3 min, spray with 50% ethanolic 
ammonia solution and finally activate at 100 C 
for 5 min Solasodine and the corresponding 
aglycones and sugars are produced 


Cardenolide glycosides Apply bands of sample solution containing ca 
25 pg glycoside, cover the layer, apart from the 
application zones, with a glass plate and place in 
a chamber over the vapors of 37% hydrochloric 
acid, allow to react and chromatograph after the 
removal of excess hydrochloric acid 


[35] 


[16] 


[36, 37] 


Table 11 (Continued) 


Substances 

Method, reagent and end products 

References 

Epoxides 

Apply two 5 pi portions of 10% phosphoric acid, 
allow to dry for 20 min then apply the sample 
solution and dry for 1 h Epoxides including 
tnsubstituted epoxides are completely ring- 
opened 

[38] 

Sulfonamides, 1,2-di- 
acetylhydrazme, pro¬ 
caine, benzocame, etc 

Apply samples and dry, place TLC plate in a twin- 
trough chamber with fuming hydrochloric acid 
and heat to 100°C Then remove the acid in a 
stream of cold air and chromatograph 

[39] 

Alkaline hydrolysis 

a-Amynn benzoate, lupeol 
acetate, tigogenm acetate 

Apply the sample solution to an aluminium oxide 
layer, apply 7% ethanolic potassium hydroxide 
solution on top and spray with methanol — water 
(2+1), then store for 4 h at 55 °C over ethanol — 
methanol — dioxan (4 + 4+1), finally dry at 
100°C and develop The 3/J-alcohol is formed in 
each case 

[16] 

n-Hexadecyl esters 

Apply sample solution, followed by methanolic 
sodium hydroxide solution, warm and then 
chromatograph 

[40] 

Phenylurea and /V-phenyl- 
carbamate residues 

Apply sample solution, overspot with 7% 
methanolic potassium hydroxide, cover the start 
zone with a glass plate and heat to 170°C for 

20 min Primary arylamines are produced 

[41] 

Digitalis glycosides 

Apply the sample solution as a band, then cover 
the layer, apart from the application zone, with a 
glass plate and place it in an ammonia chamber 
for 24 to 48 h, remove excess ammonia and 
chromatograph Acetyl groups are split off 

[37] 

Enzymatic cleavage 

Cytidme-diphosphate glu¬ 
cose 

Buffered phosphate diesterase is applied on top of 
the sample, covered with parafilm and warmed 
to 23 °C for 45 to 60 mm Cytidine-5'-mono- 
phosphate and glucose-1 -phosphate are 
formed 

[42] 

Cytidine~5'-monophos- 
phate, glucose-1-phos¬ 
phate 

Prostate phosphate monoesterase is employed to 
hydrolyze to cytidine, glucose and orthophos¬ 
phate 

[42] 
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Table 11: (Continued) 


Substances 

Method, reagent and end products 

References 

Phosphatidylcholine 

Apply phospholipase C solution as a band, dry, 
apply sample solution to enzyme band, stop reac¬ 
tion with hydrochloric acid vapor. sn-l,2-Digly- 
cerides are produced. 

[43] 

Digitalis glycosides 

Apply sample solution as band and then luizyme 
solution over it; if necessary, moisten the appli¬ 
cation zone with water. Cover the layer, except for 
the application zone, with a glass plate and incu¬ 
bate at 39 °C for 2 to 5 h. 

[37] 


3.1.3 Halogenation 

The treatment of unsaturated substances with halogen leads to addition to these 
molecules. This is true not only of bromine and chlorine vapor but also of the less 
reactive iodine. Substitution also occurs in the presence of light. Examples of such 
halogenations are listed in Table 12. Figure 32 illustrates the characterization of 
fluorescein in a bubble bath preparation. Bromination of the fluorescein in the 
start zone yields eosin. 
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Fig. 32: Characterization of fluorescein in a foam bath by bromination. 1 = fluorescein, 
2 = foam bath brominated, 3 = foam bath, 4 = eosin. 





Table 12: Prechromatographic derivatization by halogenation. 


Substances 

Method, reagent and end products 

References 

Chlorination 

Cholesterol, glycyrrhetic 
acid acetate 

Apply sample solution and moisten with anhy¬ 
drous benzene, subject for 4 h to the vapors of 
thionyl chloride — benzene (1 + 1) in a desiccator, 
then dry and develop. 

A chlorinated cholesterol or the chloride of 3 -fl- 
acetoxyglycyrrhetic acid are formed. 

[16] 

Acetanilide, p-chloro- 
acetanilide, 2,5-dichloro- 
acetanilide 

Apply sample solution and treat with chlorine 
vapor in the trough chamber for 20 s, then heat 
to 60°C for 5 min in a ventilated drying cupboard. 
Various chlorination patterns are produced. 

[44] 

a-Bromoisovalerylurea, 
acetylbromodiethylacetyl- 
urea, caffeine, codeine 
phosphate 

Generate atmosphere of chlorine with KMn0 4 
and HC1. Expose TLC plate to chlorine for ca. 

5 min. Remove excess chlorine completely by 
heating to 105 °C for 10 min. Spray with a mixture 
of 100 ml 0.5% benzidine solution in ethanol and 

2 ml 10% K1 solution. Caffeine and codeine phos¬ 
phate only react on A1 2 0 3 phases. 

[209] 

Bromination 

Cholestanol, cholesterol 

Apply sample solution, treat with a 2 to 3-fold 
excess of 0.1 % bromine in chloroform. Only chol¬ 
esterol is derivatized. 

[45] 

Fluorescein 

Apply sample solution, lead bromine vapor over 
it or apply 0.1% bromine in chloroform. Various 
intermediate bromination products are formed 
with eosin as the final product (Fig. 32). 

[46] 

Imperatorin 

Apply sample solution, moisten with chloroform, 
place in the vapors of 10% bromine in chloroform 
and then dry and develop after an appropriate 
reaction time. Tribromoimperatorin is produced. 

[16] 

Sorbic acid 

Treat with bromine solution or bromine vapor; 
di-, tri- and tetrabromocaproic acids are pro¬ 
duced. 

[47] 

Capsaicinoids 

Bromine vapor chamber: unsaturated 
capsaicinoids are completely brominated. 

[48] 

Phenylbutazone, pre- 

0.1% bromine in chloroform, 2 to 3-fold excess. 

[49] 


nazone 
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Table 12: (Continued) 


Substances 

Method, reagent and end products 

References 

Barbiturates, 

thiobarbiturates 

Bromination, distinction between reacting and 
nonreacting barbiturates. 

[50-52] 

Iodination 

Pyridine, pyrrole, quino¬ 
line, isoquinoline and in¬ 
dole alkaloids 

Apply sample solution and place the TLC plate in 
an iodine vapor chamber for 18 h, remove the 
excess iodine in a stream of warm air. 
Characterization on the basis of the iodination 
pattern. 

[53] 

Polycyclic aromatic hy¬ 
drocarbons, 
naphthylamines 

After application of the sample solution place the 
TLC plate in a darkened iodine vapor chamber 
(azulene a few minutes, PAH several hours). Then 
remove the excess iodine at 60 °C. 

[20] 

Dehydrated cholesterol 

Apply sample solution; then place TLC plate in 
an iodine vapor chamber, blow off excess iodine. 
Di- and trimeric components are produced. 

[54] 

Phenolic steroids (estrone 
etc.) 

Apply sample solution, then place TLC plate in 
an iodine vapor chamber. 2-Iodoestrone and 2,4- 
diiodoestrone are produced. 

[55] 


3.1.4 Nitration and Diazotization 

Nitration and diazotization are often employed with the aim of producing colored, 
visually recognizable “derivatives” which are conspicuous amongst the majority 
of nonreacting compounds and can, thus, be specifically detected and investigated. 

Aromatic nitro compounds are often strongly colored. They frequently produce 
characteristic, colored, quinoid derivatives on reaction with alkali or compounds 
with reactive methylene groups. Reduction to primary aryl amines followed by 
diazotization and coupling with phenols yields azo dyestuffs. Aryl amines can also 
react with aldehydes with formation of Schiff’s bases to yield azomethines. 

This wide range of reactions offers possibilities of carrying out substance-specific 
derivatizations. Some examples of applications are listed in Table 13. 


3.1 In Situ Prechromatographic Derivatization 
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Table 13: Prechromatographic derivatization by nitration and diazotization. 


Substances 

Method, reagent and end products 

References 

Nitration 



Polycyclic aromatic hy¬ 
drocarbons (PAH) 

Apply sample solution and dry. Place TLC plate 
for 20 min in a twin-trough chamber containing 
phosphorus pentoxide to which 2 to 3 ml cone, 
nitric acid have been added. 

PAH nitrated by nitrous fumes. 

[20] 

Phenols 

Apply sample solution, dry, expose to nitrous 
fumes. 

[56] 

a-, /3-Naphthol, 
4-chloroaniline, 
chlorothymol, etc. 

Apply sample solution and spray with 90% nitric 
acid, heat to 105 °C for 30 min, allow to cool and 
develop. Then reduce and diazotize. 

[19, 57] 

Marmesin, xanthotoxin 

Apply sample solution and moisten with acetic 
acid and then expose to the vapors of cone, nitric 
acid and acetic acid (1 + 1) for 30 to 60 min at 

55 °C in a desiccator. 

6-Nitromarmesin and 4-nitroxanthotoxin are 
formed respectively. 

[16] 

Brucine 

Apply a drop of cone, nitric acid to the spots of 
applied sample solution and allow to react for 

15 min. Then activate the TLC plate at 120°C for 

15 min and develop after cooling. 

[22] 

Estrogens 

Apply bands of sample solution, expose to am¬ 
monia vapor and dinitrogen tetroxide (from cop¬ 
per and cone, nitric acid), blow off excess and 
develop the nitroestrogens so formed. Detection 
by diazotization and coupling. 

[58] 

Diazotization and coupling 

o-, m-, p-anisidine, 

o-chloranil, 

2,5-dimethoxyaniline 

Apply bands of sample solution, spray with so¬ 
dium nitrite in 1 mol/1 hydrochloric acid solution 
and heat to 105°C for 5 min. After cooling apply 
5% a-naphthol solution and dry in a stream of 
warm air. 

Azo dyes are formed. 

[60] 

2,5-Dimethoxyaniline 

Apply sample solution as spots; then apply 
diazonium chloride and a-naphthol solution and 
develop after 2 min. 

[61] 

Estriol 

Dip the concentrating zone of a precoated HPTLC 
silica gel 60 plate in a saturated ethanolic solution 
of Fast Dark Blue R salt, allow the solvent to 
evaporate, apply the sample solution and dip once 

[10, 59] 




68 3 Chemical Methods of Detection 


Table 13: (Continued) 


Substances 

Method, reagent and end products 

References 


again into the reagent solution; dry the 
chromatogram and develop it. 


Estrone, estradiol, 
estnol 

Dip silica gel foil 2 cm in saturated Fast Black Salt 
K. solution and dry in a stream of warm air. Apply 
sample solution, dip again in reagent solution and 
dry. Dip the TCL plate 2 cm in 4% pyridine- 
cyclohexane solution, dry at 100 to 200 °C and 
develop the azo-dyestuffs that are formed. 

[294] 


3.1.5 Esterification and Etherification 

Miller and Kirchner [9] and Mathis and Ourisson [1] have both already 
demonstrated that esterification at the start can be employed to distinguish pri¬ 
mary, secondary and tertiary alcohols. Tertiary alcohols react much more slowly 



Fig 33: Differentiation of primary (citronellol), secondary (menthol) and tertiary alcohols 
(linalool) by in situ prechromatographic acetylation: citronellol reacts completely, menthol 
partially and linalool not at all. 
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or not at all and can, thus, be separated chromatographically from the esters that 
are formed (Fig. 33). Some examples are listed in Table 14. They reveal that acetic 
and trifluoroacetic anhydride have been employed almost exclusively for the 
esterification of alcohols, while acids have been esterified with diazomethane or 
sodium methylate. 


Table 14: Prechromatographic derivatization by esterification and etherification. 


Substances Method, reagent and end products References 


Steroid sapogenins Apply sample solution; then moisten with 

trifluoroacetic anhydride, dry and develop. Sapo- 
genin trifluoroacetates are produced. 

Aflatoxins Apply extract and standard, then apply 

trifluoroacetic acid, allow to react at room tem¬ 
perature for 5 min then dry for 10 min at a max. 
of 40 °C and develop. 

Aflatoxins, ochratoxin A, Apply sample solution and dry; then apply 
sterigmatocystine, trifluoroacetic anhydride; allow to react at room 

pcnicillic acid, patulin temperature for 45 min, develop. The derivatives 
of patulin and penicillic acid possess appreciably 
different hR t values. 


Ochratoxin A, citrinin, 
penicillic acid, 
sterigmatocystine, 
zearalenone 

Menthol, citronellol, 
linalool 


Polyglycerol 


Patulin 


/?-Amynn, 
6-hydroxyflavones 


Apply extracts of cereals or fungal cultures; apply 
50 pi pyridine — acetic anhydride (1 + 1) on top; 
remove the excess reagent in a stream of cold air 
and chromatograph. The reagents can also be ap¬ 
plied via gas phase 

Apply the alcohols followed by the acetylation 
mixture on the still damp spots. Repeated appli¬ 
cation of the reagent is necessary for complete 
reaction; heat to 100°C for 15 min, then 
chromatograph. 

Apply sample solution; then apply 60% acetic 
anhydride in anhydrous pyridine, heat to 95 to 
100 °C for 15 min, allow the excess reagent to 
evaporate, develop. 

Apply sample solution, then apply acetic anhy¬ 
dride — pyridine (9 + 1), allow to react for 5 min 
and dry for 15 min in a stream of warm air. 

Apply sample solution as band, followed by acetic 
anhydride — pyridine (6 + 1), warm to 40 C for 
1.5 h in a desiccator in an atmosphere of acetic 


(62] 

[63, 64] 


[65] 


[ 66 ] 


[46] 


[67] 


[68. 69] 

[ 16 ] 
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Table 14: (Continued) 

Substances Method, reagent and end products References 

anhydride. Then heat to 100 °C for a few minutes. 

The corresponding acetates are produced. 

Alcohols Apply sample solutions as bands followed by a [16] 

suspension of sodium acetate in acetic anhy¬ 
dride — glacial acetic acid (3 + 1), then spray the 
plate lightly with acetic anhydride, allow to react 
for 3 h at 50 °C in a desiccator, evaporate off and 
develop. Here too the acetates are produced from 
the alcohols employed. 


Sterols, triterpenoids (e.g. Apply sample solution followed by acetyl chloride [70] 
lupeol), primary and sec- and then remove the excess reagent in a stream of 
ondary alcohols hot air. 

Biogenic amines (e.g. sero- Apply sample solution followed by benzoyl chlor- [71] 
tonin) ide solution (5% in toluene), dry and chromato¬ 

graph. 

Menthol, linalool, Apply 10% 3,5-dinitrobenzoyl chloride solution [72] 

citronellol, geraniol, a-ter- in p-xylene — tetrahydrofuran (15 + 2), followed 
pineol, cinnamic alcohol by sample solution; allow to react; destroy excess 
etc. reagent with 10% sodium hydroxide solution. 

Carboxylic acids. Apply sample solution followed by ethereal [73, 74] 

organophosphoric acids diazomethane solution, dry and develop. 

Alkyl and alkenyl Apply sample solution, dry, blow on hydrochloric [75] 

acylglyceryl acetates acid vapor; methylate with 2 mol/1 sodium meth¬ 

ylate solution. 

Triglycerides Methylation with 0.5 N potassium methylate [76] 

solution in methanol (transesterification). 

Peanut oil, glycerol phos- Apply sample solution then spray with 2 mol/1 [77] 

phatides, cholesteryl esters sodium methylate solution, dry for 2 to 5 min and 
etc. develop. Transesterification. Only ester linkages 

react and not acid amide linkages. 

Oleanonic acid. Apply sample followed by 5% potassium carbon- [16] 


6-hydroxyflavone, ate solution in aqueous acetone, dry, apply 50% 

xanthotoxol, glycyrrhetic methyl iodide in acetone. Allow to react for 3 h at 
acid acetate 50 °C in an atmosphere of methyl iodide — 

acetone (1 + 4), dry and develop. Oleanonic acid, 
for example, yields its methyl ester. 

Phospholipids, free fatty Apply sample solution, then 12% methanolic po- [7] 
acids tassium hydroxide solution, keep moist with meth¬ 

anol for 5 min. Fatty acid methyl esters are pro¬ 
duced, triglycerides do not react. 
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Table 14: (Continued) 


Substances 

Method, reagent and end products 

References 

Fatty acids, n-hydroxy 
acids, ursolic acid 

Apply sample solution, followed by methanolic 
boron trifluoride solution, heat with a hot-air 
drier, allow to cool and develop. 

[70] 

Sorbic add, benzoic acid 

Apply sample solution in the form of a band, 
followed by 0.5% 4-bromophenacyl bromide in 
A,A-dimethylformamide. Heat to 80 °C for 

45 min, dry and chromatograph. 

[78] 

Phenols 

Apply sample solution and spray with saturated 
sodium methylate solution and then treat with 4% 
2,4-dinitrofluorobenzene in acetone and heat to 
190°C for 40 min. Chromatograph the dinitro- 
phenyl ethers so produced. 

[79] 

3.1.6 Hydrazone Formation 


In order to characterize them and more readily separate them from interfering 
accompanying substances carbonyl compounds (aldehydes, ketones) can be con¬ 
verted to hydrazones at the start. The reagent mainly employed is 2,4-dinitro- 
phenylhydrazine in acidic solution [70], This yields osazones with aldoses and 
ketoses. Some examples are listed in Table 15. 

Table 15: Prechromatographic derivatization by hydrazone formation. 


Substances 

Method, reagent and end products 

References 

Dipterocarpol, hecogenin, 
progesterone 

Apply sample solution and moisten with 2,4-di- 
nitrophenylhydrazine in acetic acid; then spray 
with acetic acid and store at room temperature or 
55°C for up to 1.5 h in a desiccator; then dry at 
80°C and chromatograph. 

[16] 

Progesterone 

Apply sample solution as a band followed by 0.1 % 
ethanolic 2,4-dinitrophenylhydrazine (acidified 
with 0.1% cone, hydrochloric acid), allow to react 
at room temperature for 10 min and dry at 100°C 
for 5 min. 

[80] 
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Table 15 (Continued) 


Substances 

Method, reagent and end products 

References 

Steroid ketones 

Apply the sample solution followed by Girard’s 
reagent (0 1 % tnmethylacetyl hydrazide in 10% 
acetic acid) and allow to react for 15 h in an atmos¬ 
phere of acetic acid Then dry at 80 °C for 10 min 
and after cooling chromatograph the hydrazones 
that have been formed 

[81] 

Aldehydes, ketones 

Apply sample solution and moisten with 2 N 2,4- 
dinitrophenylhydrazine in acetic acid After react¬ 
ing, dry and chromatograph the 2,4-DNPH de¬ 
nvatives 

[14] 

Carvone, menthone, 
acetophenone etc 

Apply an acidic solution of 2,4-dinitrophenyl- 
hydrazine, 4-mtrophenylhydrazine or 2,4-dmitro- 
phenylsemicarbazide onto the previously applied 
sample solution Aliphatic and aromatic hydra- 
zones and carbazones can be differentiated by 
their colors 

[82] 

Phenolic aldehydes 

Apply sample solution and then acidic 2,4-dinitro- 
phenylhydrazine solution, allow to react, dry and 
develop 

[15] 

Chloro-, hydroxy-, and 

methoxybenzaldehyde 

denvatives 

Denvatize with 2,4-dmitrophenylhydrazine solu¬ 
tion in hydrochlonc acid Heat to 80 °C, cool and 
chromatograph 

[83] 

p-Benzoquinone deriva¬ 
tives 

Denvatization with 2,4-dinitrophenylhydrazine 
solution in hydrochlonc acid Heat to 80 °C, cool 
and chromatograph 

[84] 

0 -, m -, p-chloro-, 2,4- and 
3,4-dichlorobenzoic acids 

Apply p-bromophenacyl esters of the substances, 
followed by 0 5% 2,4-dinitrophenylhydrazine in 

2 mol/1 hydrochloric acid and allow to react for 

10 to 15 min in the desiccator 

[85] 


3.1.7 Dansylation 

Prechromatographic dansylation has the advantage that chromatography separ¬ 
ates excess reagent and also the fluorescent by-products (e g dansyl hydroxide) 
from the reaction products of the substances to be determined In the case of 
postchromatographic dansylation the whole of the plate background fluoresces 
blue, so that in situ analysis is made more difficult 



3 1 In Situ Prechromatographic Derivatization 

Primary and secondary amines, amino acids and phenols react In the case of long- 
wavelength UV light (A = 365 nm) the DANS amides fluoresce yellow-green, while 
amines that have reacted at a phenolic OH group have an intense yellow to yellow- 
orange fluorescence The detection limit for DANS amides is ca 10~ 10 mol [86] 

Acids can also be converted to fluorescent dansyl derivatives The reaction of C 8 
to C 24 fatty acids with dansyl semipiperazide or semicadavende provides an 
excellent example (Fig 34) [87] Odd-numbered and unsaturated fatty acids [88] 
and propionic, sorbic and benzoic acid [89] can be detected in the same manner 


u 
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Fig. 34: Chromatogram of various even- and odd-numbered fatty acids after in situ derivatiza¬ 
tion with dansyl semicadavende The separations are with increasing R, — track ) C-24 to 
C 16 track 2 C-24 to C-6, track 3 C-20 to C-12, track 4 C-20 to C-ll, track 5 C 19 to 
C 11 track 6 C-24 to C-16 

Fig. 35: Fluorescence scan of the dansyl semicadavende denvatives of 1 behenic acid 
2 erucic acid, 3 steanc acid, 4 oleic acid, 5 linoleic acid, 6 linolemc acid 





74 


3 Chemical Methods of Detection 


Table 16 lists some examples of dansylation 

Table 16 Prechromatographic denvatization by dansylation 

Substances Method, reagent and end products References 

Carbamate and Treat the sample for 30 to 40 min with sodium [90] 

phenylurea herbicides hydroxide solution (c = 1 mol/1) at 80 °C Apply 
sample solution and then 0 2% dansyl chloride 
over it Cover with a glass plate and allow to react 
in the dark at room temperature for 60 min, then 
chromatograph 

Phenylurea herbicides Treat sample with KOH, apply sample solution [91] 

and overspot with dansyl chloride Allow to react 
for 30 mm in the dark at room temperature, then 
develop the chromatogram 

Metoxurone and degra Phenylurea herbicides are first hydrolyzed to the [92] 

dation products corresponding aniline derivatives and then reacted 

at the start with 4 pi 0 25% dansyl chloride solu¬ 
tion 

Apply sample solution to silica gel layer, cover [93] 

with a glass plate, heat to 160°C for 25 min and 
allow to cool After this hydrolysis apply 0 2% 
dansyl chloride in acetone, cover with a glass plate 
and store in the dark for 1 h, then chromatograph 

Morphine, 6-mono- Apply sample solution and apply to each spot 1 pi [94 — 96, 

acetylmorphine, of dansyl chloride and two times 1 pi 8% sodium 237] 

morphme-6-nicotinate bicarbonate solution, allow to react for 7 mm, dry 
at 70 °C and develop the chromatogram 

f! Blockers Apply the urine extract in the form of a band, [97] 

overlay with 0 1 % dansyl chloride in acetone fol¬ 
lowed by 8% aqueous sodium bicarbonate solu¬ 
tion and heat to 120°C for 15 min, allow to cool 
and develop the chromatogram 

Serum proteins, e g albu- Allow to react at the start with 0 05% dansyl [98] 

min chloride solution in hexane, dry and expose for 

10 h to the vapors of a tnethylamine bicarbonate 
buffer (c = 0 1 mol/1, pH 8 5), then develop Ex 
cess reagent and by-products run with the solvent 
front 

Even-numbered and odd Apply dansyl semipiperazide or dansyl semi- [87, 88] 

numbered fatty acids (C 6 - cadavende solution as a 14 cm long band, fol- 
C 24 ) lowed by sample solution as short bands and then 


Urea herbicides, e g 
diurone, metoxurone, 
linurone 




Table 16 (Continued) 
Substances 


Preservatives (benzoic, 
sorbic, propionic acid) 


Method, reagent and end products 

1 % jV,A r -dicycIohexylcarbodnmide solution as a 
14 cm band Dry and develop (Figs 34, 35 and 
title picture) 

Apply sample solution as spots or bands (3 to 
4 mm) followed by dansyl semipiperazide and 
A,iV’-dicyclohexylcarbodnmide solution, dry well 
and chromatograph 


References 


3.1.8 Miscellaneous Prechromatographic Derivatizations 

Other group-characteristic in situ prechromatographic reactions have been de¬ 
scribed in addition to the ones discussed above They all serve to improve the 
characterization of the substances concerned and the selectivity of the subsequent 
chromatography Table 17 provides an overview 


Table 17 Miscellaneous prechromatographic derivatizations 


Substances 

Method, reagent and end products 

References 

Amino acids 

Apply sample solution, dry, treat with 2,4-di- 
mtrofluorobenzene solution DNP-amino acids 
are produced, which are then separated chromato- 
graphically 

[99] 

2 Amlmo-5-thiazolmone 
derivatives of ammo acids 

Apply sample solution followed by heptafluoro- 
butync acid, heat to 140°C for 10 mm, rapidly 
cool to room temperature and develop the 
phenylthiohydantoms that are formed No reac¬ 
tion occurs with, for example, threonine, senne, 
tryptophan or glutamic acid 

[100] 

Amines 

Apply sample solution and spray with 10% car¬ 
bon disulfide in ethyl acetate Place TLC plate in 
carbon disulfide vapor for 30 mm, then spray with 
methanol — sulfunc acid (1 4-1) Heat to 100°C 
for 10 mm and chromatograph the lsothio- 
cyanates so formed 

[101] 
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Table 17 (Continued) 
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Substances 

Method, reagent and end products 

References 

Amines 

Apply sample solution then p-toluenesulfomc acid 
in pyridine, heat to 60 °C for 4 h, after cooling to 
room temperature develop the p-toluene- 
sulfonates so formed 

[102] 

Serotonin 

Benzoylate the ammo groups by overspotting at 
the start This makes detection with Gibbs’ reagent 
possible 

[103] 

Sympathomimetics with 
free amino groups e g 
carbadnne, norfenefnne, 
noradrenaline, 
norephedrine 

Apply sample solution (50 pg to 300 ng) Then 
apply fluorescamine (0 03% in acetone), dry and 
chromatograph 

[104] 

Amines, Amino acids, 
peptides, e g tryptophan, 
tryptamine, peptides with 
terminal tryptophan 
groups 

Apply indole derivatives dissolved in sodium bo¬ 
rate buffer solution (c = 0 2 mol/1, pH 9 0) — 
ethanol (1+1) Dip TLC plate in fluorescamine 
solution to just above starting zone (15 s) Then 
dry at room temperature and develop In case of 
indole amines followed by spraying with 40% per¬ 
chloric acid 

[105] 

Catecholamines 

Apply sample solution followed by phosphate 
buffer (c = 0 5 mol/1, pH 8 0) Dip TLC plate into 
fluorescamine solution to just above starting zone, 
dry and develop Blue fluorescence occurs after 
spraying with perchloric acid (70%) 

[105] 

Habituating drugs 

Apply sample solution Let it react with NBD- 
chlonde or diphenylacetyl-l,3-mdandion-l-hy- 
drazone 

[236] 

Desoxyribo-oligonucleo- 
tides, nbopolynucleotides 

Layer PEI cellulose Complex formation of 
polyuridyhc acid (6 mg/ml) with desoxyadenosine 
oligonucleotides 

[106] 

Aliphatic and aromatic al¬ 
dehydes 

Apply sample solution, followed by 1% aniline in 
dichloromethane and chromatograph the 

Schiff’s bases after 10 mm 

[107] 

Insecticides, e g eldrin, 
dieldnn, aldnn 

Apply the sample solution, dry and then apply 
ethanohc zinc chloride solution, heat to 100 C for 
10 mm, after cooling chromatograph the carbonyl 
compounds that have formed 

[108, 109] 

Carveol, linalool, 
geraniol, a-terpineol, nerol 
etc 

Elimination of water with the aid of sulfuric acid 
and formation of the corresponding monoterpene 
hydrocarbons 

[9 14] 


Table 17 (Continued) 


Substances 

Method, reagent and end products 

References 

Alcohols 

Apply sample solution, then nitrophenyl isocya¬ 
nate solution (10% in benzene) Dry after reacting 
and develop 

[72] 


Other possibilities are the reduction of nitro groups by applying the sample 
solutions to adsorbent layers containing zinc dust and then exposing to hydro¬ 
chloric acid vapors [110] 3,5-Dimtrobenzoates and 2,4-dinitrophenylhydrazones 
can also be reduced in the same way on tin-containing silica gel phases [111] 
Cellulose layers are also suitable for such reactions [112] Seiler and Rothweiler 
have described a method of “trans-salting” the alkali metal sulfates to alkali metal 
acetates [113] 


3.2 Postchromatographic Detection 

There is no difficulty in detecting colored substances or compounds with intrinsic 
fluorescence on TLC chromatograms The same applies to components absorbing 
in UV light which have been separated on layers with incorporated “fluorescence 
indicators” and, hence, cause phosphorescence quenching m UV light so that the 
substances appear as dark zones on a bright emitting background 

Substances which do not exhibit such properties have to be transformed into 
detectable substances (derivatives) in order to evaluate the TLC separation Such 
reactions can be performed as universal reactions or selectively on the basis of 
suitable functional groups Substance-specific denvatization is practically imposs¬ 
ible 

The aim of a postchromatographic denvatization is first 

• the detection of the chromatographically separated substances in order to be 
able to evaluate the chromatogram better, visually 

But equally important are also 

• increasing the selectivity, which is often associated with this and 
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• improving the detection sensitivity In addition comes optimization of the sub¬ 
sequent in situ quantitation 

The separation is already complete when detection is undertaken The solvent has 
been evaporated off, the substance is present finely distnbuted in the adsorbent 
For a given amount of substance the smaller the chromatogram zone the greater 
is the concentration and, hence, the detection sensitivity For this reason substances 
with low R f values are more intensely colored than those present in the same 
quantity which migrate further 

Each reaction requires a minimum concentration for the detection to be possible 
at all This concentration naturally vanes from reagent to reagent (Fig 36), so 
that every component cannot be detected to the same sensitivity with every reagent 
This can lead to the appearance of a good separation that is, in fact, not good at 
all because the outer edge of a zone is not detected So that the area occupied by 
the substance appears to be smaller than it actually is The separation of the 
neighbonng zones will, thus, seem better It follows that the least sensitive reagents 
can counterfeit the “best separations” 
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Fig, 36: Dependence of the area of the chromatogram zone at constant amount of applied 
substance (1 pg) on the reagent employed, top relief representation, below zone areas 
projected on one another Iodine vapor reacts least sensitively here, amhne-phthalate most 
sensitively and the GOD reaction (glucose oxidase reaction) most specifically [2161 
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More sensitive detection methods and more objective recording methods (e g the 
employment of scanners) are constantly been stnven for in order to overcome this 
illusion It is for this reason too that fluorescent methods have been introduced to 
an increasing extent on account of their higher detection sensitivity This allows an 
appreciable reduction in the amount of sample applied, so that possible interfering 
substances are also present in smaller quantities This increases the quality of the 
chromatographic separation and the subsequent in situ analysis 

Vanous techniques are employed for applying the reagents to the TLC/HPTLC 
plate The least satisfactory is spraying the reagent manually onto the chromato¬ 
gram (Fig 37) Dipping and evaporation methods are preferable with respect 
to precision and repeatability (Fig 38) Methods have also been developed and 
described involving the addition of the reactants to the mobile or the stationary 
phase These application techniques will be described below before discussing the 
influence of temperature on the reaction 


3.2.1 Spraying 

Until a few years ago the most common method of rendering colorless substances 
on chromatograms visible was to spray them with reagent solutions [115] An all- 



Fig 37: Manual spraying of the chromatogram 
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Fig. 38: Comparison of manual dipping (A) with mechanized dipping (B) on the basis of 
scans and calibration curves [114] - 1 = cw-diethylstilbestrol, 2 = frans-diethylstilbestrol, 
3 = ethinylestradiol Scanning curve 2 ng of each substance per chromatogram zone /„ c = 
313 nm, / f) > 390 nm Dipping solution water — sulfuric acid — methanol (85 +15+1) 
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glass sprayer was normally employed (Fig. 39A), which was connected to a pres¬ 
sure supply (membrane pump) or cylinder of inert gas It was necessary to use a jet 
so fine adjusted that it was possible to spray the reagent solution homogeneously 
Spraying was earned out at a pressure of 0.6 to 0.8 bar from a distance of 20 to 
30 cm in a suitable fume cupboard (Fig. 37) According to Waldi the spray should 
be applied in a meandenng pattern with the return point of the spray outside the 
track of the chromatogram (Fig 39B) [115] 



A 

Fig. 39: All glass sprayer (A), spray pattern (B) 


The same applies to the use of spray pistols (spray guns and aerosol cans), the 
frequency of whose use ought probably to be reduced on account of the propellant 
gas (chlorofluorohydrocarbons) employed Manual depression of the button valve 
of the vertically held spray can "shoots" the propellant gas through a fine jet and 
drags the sucked-up reagent solution with it onto the vertically held chromatogram 
(water pump pnnciple) 

Because when operated manually the spray unit can never be moved so uniformly 
that the chromatogram is homogeneously covered with reagent and the amount 
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of reagent applied to the TLC plate differs for each individual, Spitz [116], 
Kreuzig [117-119] and others have developed and marketed automatic sprayers. 
In the first case the sprayer is moved over the fixed, stationary TLC plate. The 
second type of automatic sprayer works with a fixed spray jet and the TLC plate 
is moved by a motor. 

Neither apparatus has, as yet, found general use in the laboratory, probably 
because too little attention was paid to the differing viscosities, surface tensions 
and polarities of the various solvents. Thus, in practice, these automatic sprayers 
repeatedly produced “sprinkled” zones because, in addition, to a fine mist individual 
larger drops also reached the zones and, thus, caused inhomogeneities of coverage 
and reaction and also because substances at the surface of the layer, where they 
are to be found after chromatography with readily volatile mobile phases [120 — 
124, 128], are displaced in the direction of the supporting backing, so that in 
extreme cases detection from the rear is more sensitive than from the front. 

The spraying of TLC/HPTLC plates should always be undertaken in a well- 
ventilated fume cupboard, so that the aerosols, some of which are damaging to 
health and aggressive, are not breathed in and the place of work is not contami¬ 
nated. After the spraying is complete the spraying apparatus and fume cupboard 
should be cleaned with care so that undesired reactions do not occur with later 
reagents. Manganese heptoxide and perchloric acid-containing reagents, sodium 
azide and iodine azide solutions should never be sprayed as they can cause ex¬ 
plosions in the exhaust ducts of fume cupboards. For the same reasons such 
reagents should only be made up in small quantities. In all these cases it is 
preferable to apply the reagent by dipping the chromatogram into it. 


3.2.2 Dipping 

It is becoming ever more usual to dip the solvent-free chromatograms into a 

suitable reagent solution [114]. The reasons for this are: 

• The coating of the adsorbent layer with the reagent solution is more homo¬ 
geneous than with even the most carefully carried out spraying process. 

• The distribution of the reagent is no longer influenced by the manual dexterity 
of the operator, the performance of the spray apparatus, the viscosity of the 
reagent or the drop size of the spray mist. 

• It is only since this method has come into use that the precise quantitative 
analysis of thin-layer chromatograms has become possible. For the increased 
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regularity of the wetting results in a baseline with less structure (Fig. 38B). This 
means that the detection limits are appreciably lower than they are in the case 
of sprayed chromatograms. The reproducibility of the result is also appreciably 
improved on account of the homogeneity of the reagent application (Tab. 18). 

• The consumption of reagents is less particularly when series investigations are 
made (when the reagent is used repeatedly it is usual to cover the dipping 
chamber with a stainless steel lid). 

• The contamination of the place of work with reagents that may be injurious to 
health or corrosive, is considerably less when dipping than when spraying. 

• The complex spray facilities with integrated fume cupboard are unnecessary. 

In spite of these acknowledged advantages, low volume dipping chambers and 
automated, time-controlled dipping apparatus (Fig. 40 and 41) have only been 
available commercially for a few years. 




Fig. 40: Low volume dipping chambers (Desaga). 
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Fig. 41: Automated dipping devices (DC Tauch-fix, Baron). 


The advantage of such dipping apparatus is that the insertion and removal of the 
chromatogram is performed at a uniform speed and the time of immersion can be 
set as necessary. Interfering “ripple marks", such as are observed on manual 
dipping, do not occur. Care must be taken, however, to clean off the back of the 


Table 18. Statistical comparison (F-test [125]) of the methods. Standard deviation s X o of the 
calibration curves for diethylstilbestrol and ethinylestradiol [114]. 


Procedure 

frans-diethylstilbestrol 

Ethinylestradiol 


Sxo [ng per zone] 

sxo [ng per zone] 

Manual dipping 

0.37 

0.21 

Mechanical dipping 

0.096 

0.044 

Statistical difference (F-test) 

significant 

significant 
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TLC plate which is wetted with reagent solution when it leaves the dipping bath 
before laying it on the hotplate, laboratory bench or scanning stage. 

The dipping solutions described in Part II of this book are usually less concentrated 
than the corresponding spray solutions. The solvents employed are specially 
chosen for their suitability to the special requirements of dipping solutions. Water, 
which on the one hand, can sit on the surface of RP plates and not penetrate them 
and, on the other hand, can cause disintegration of water-incompatible layers is 
usually replaced by alcohol or other lipophilic solvents. 

In general care should be taken in the choice of solvent to ensure that neither the 
chromatographically separated substances nor their reaction products are soluble 
in the solvent of the dipping reagent. 

It is probable that the solvents given in the individual reagent monographs are not 
suitable for all the substances with which the reagent will react. This point should 
be taken into account especially for quantitative work and the user should make 
appropriate modifications. In particular, there must be no loss of substance or 
reaction product by dissolution (formation of “comet tails” by the chromato¬ 
graphic zones). 

When the plate is inspected the color intensity of the chromatogram zones must 
be more intense at the top surface of the layer than it is when viewed from the 
back of the TLC/HPTLC plate. If this is not the case the reagent must be made 
less polar to avoid a frontal development across the thickness of the layer. 



Fig. 42: Chromatogram of polycyclic aromatic hydrocarbons on caffeine-impregnated pre¬ 
coated silica gel 60 HPTLC plates with concentrating zone (Merck). The following can 
be recognized in increasing R f value. — 1. benzo(ghi)perylene, 2. indeno(l,2,3-cd)pyrene, 
3 benzo(a)pyrene, 4. benzo(b)fluoranthene, 5. benzo(k)fluoranthene, 6. fluoranthene. 
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The times of immersion of the chromatogram in the reagent bath are usually short 
(< 5 s [126]) in order to avoid dissolving the substances out of the stationary phase. 
This is easily achieved if the Tauch-Fix (Fig. 41) is employed. The chromatogram is 
then laid horizontally and dried in a stream of air. 

The dipping unit can also be employed to impregnate adsorbent layers. It is easy 
in this way to produce tungstate- [127] or silver nitrate-impregnated layers for 
separating oligosaccharides or unsaturated compounds. 

Funk et al. [128a] dipped silica gel plates in a 4% solution of caffeine in order to 
separate six polyaromatic hydrocarbons relevant in monitoring the quality of 
potable water (Fig. 42). 

Such a dipping apparatus can also be employed with advantage for applying 
substances to preserve or intensify fluorescence after chromatography or derivati- 
zation is complete (cf. Section 3.2.13). 


3.2.3 Exposure to Vapors 

A layer can also be homogeneously treated with the reagent by exposure to its 
vapor. This is frequently carried out in a twin-trough chamber (Fig. 43A) or in a 
special conditioning chamber (Fig. 43B). In the case of the twin-trough chamber, 
for example, the reagent is placed in one of the troughs and the dried chromato¬ 
gram plate in the other. Thin-layer chromatograms can be treated in this manner 
with the vapors of a large number of reagents. 

Iodine vapor allows nonspecific, usually nondestructive detection of many sub¬ 
stances (e.g. surface active agents [129], pharmaceuticals [130, 131], polyethylene 
glycols [132], see also Table 12). In addition, reactions have also been described 
with the vapors of bromine [133 — 135], cyanogen bromide [136], chlorine [137 — 
141, 209], ammonia [142-147] (see also the reagent “Ammonia vapor“), 
diethylamine [148], ammonium hydrogen carbonate [149, 150], acids [145, 151 — 
156] (see also reagent “Hydrochloric Acid Vapor"), /ert-butyl hypochlorite [203], 
sulfuryl chloride [157,158], sulfur dioxide [159,160] oxides of nitrogen [161 —169], 
hydrogen sulfide [170], formaldehyde [171 —176], glyoxylic acid [177] and silicon 
or tin tetrachlorides [178]. 

Smith [203] has described a special procedure for “distilling” reagents 
homogeneously onto a TLC plate. Ripphahn [179] later started with a TLC plate 
that had been dipped into ninhydrin solution, laid a 0.1 mm thick terephthalate 
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Fig. 43: Twin-trough chambers (A) and conditioning chamber (B) (Camag). 


film frame round its edges and positioned the chromatogram bearing the amino 
acids to be detected so that the layer faced the “reagent plate”. This “sandwich” 
was then placed, reagent side down, on a hotplate. The ninhydrin then “distilled” 
homogeneously onto the chromatogram and stained the amino acids (see reagent 
Ninhydrin). It is also possible to apply /erf-butyl hypochlorite [203], sulfuric acid 
and ammonia vapor [180] or acetophenone [181] in an analogous manner. 

Martinek [182] has described the reverse procedure for relatively volatile sub¬ 
stances (e.g. essential oil components), where the compound to be detected is 
“distilled” onto the reagent plate and reacts with the reagent there. 

Pandey et al. [183] employed this idea of a sandwich configuration to transfer 
substances from one TLC plate to another for two- or multidimensional sepa¬ 
rations. 
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3.2.4 Reagent in Solvent 

Another method of applying a reagent homogeneously to a TLC layer is to add it 
to the mobile phase A necessary precondition is that the reagent is evenly spread 
over the layer (the reagent must “run” with the solvent front) Double develop¬ 
ments have frequently been described, where the first mobile phase brought about 
the development and the second one an improvement in zone shape and a homo¬ 
geneous application of reagent to the stationary phase 

The following are amongst the reagents that have been reported as being added 
to the mobile phase acids for quinine alkaloids [184], mnhydnn for amino acids 
[185-187], fluorescamine for biogenic amines [188] Fluorescein sodium [189], 
dichlorofluorescein [190], rhodamine 6G [191], ANS reagent [192] and bromine 
[193] have all been described as additives to mobile phases 

Dimethyl sulfoxide in the mobile phase acts as an “intrinsic detector” for certain 
phenols (e g dihydroxybenzenes) [194] on layers that have been treated with tin 
tungstate 

3.2.5 Stationary Phase as Reagent (Reagent in Adsorbent) 

The exploitation of specific adsorbent properties can also lead to the same goal of 
homogeneous derivatization of separated substances 

Silica gel and aluminium oxide layers are highly active stationary phases with large 
surface areas which can, for example, - on heating - directly dehydrate, degrade 
and, in the presence of oxygen, oxidize substances in the layer This effect is 
brought about by acidic silanol groups [93] or is based on the adsorption forces 
(proton acceptor or donor effects, dipole interactions etc) The traces of iron in 
the adsorbent can also catalyze some reactions In the case of testosterone and 
other d 4 -3-ketosteroids stable and quantifiable fluorescent products are formed 
on layers of basic aluminium oxide [176, 195] 

Derivatization can also be brought about by impregnating the adsorbent layer 
with a suitable reagent (frequently an inorganic substance) before application of 
the sample solutions This impregnation is usually performed as the layer is 
prepared Here care must be taken that the reagent does not dissolve in the mobile 
phase and migrate towards the solvent front in the subsequent development Such 
transport towards the solvent front is especially to be expected in the case of 
organic reagents It is for this reason that organic components are mainly not 
employed for later derivatization but for homogeneous detection by fluonmetnc 
processes (cf Sec 2 2 2) Examples of inorganic reagents in the adsorbent are 
listed in Table 19 
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Table 19 Derivatization by inorganic reagents incorporated in the layer 


Reagent 

Substance detected, 
matrix 

Reaction conditions, re¬ 
marks 

Reference 

Ammonium sulfate 

triglycerides, serum lipids 

25 — 85 min at 150°C, yields 
fluorescent derivatives 

[197] 

Ammonium sulfate 

phosphatidyl glycerol de¬ 
rivatives 

charring on heating 

[198] 

Ammonium sulfate 

phosphatidyl glycerol, 
sphingomyelin 

10 nun at 280 °C 
densitometnc in situ 
quantitation 

[199] 

Ammonium sulfate 

detergents 

SIL G 25 detergent plate 
(Macherey-Nagel) 

[200, 201] 

Ammonium sulfate 

lipids 

charring on heating 

[202] 

Ammonium sulfate 

triolein, oleic acid, 
androsten-3,17-dione, 
xanthanonic acid, 
cholesterol-propionate, 
N-methylphenylalanine, 
D-glucose 

fluorescence after heating to 

150 — 180 °C, exposure to 
lerl-butyl hypochlorite 

[203] 

Ammonium mono¬ 
vanadate 

organic nitrogen com¬ 
pounds 

TLC plates prepared with 

2% ammonium monovana¬ 
date solution 

[204] 

Aluminium oxide 

deoxynivalenol in wheat 

7 min at 120°C, yields a flu¬ 
orescent derivative under 

UV light (2 = 365 nm) 

[193, 196] 

Silver nitrate 

1,2- and 1,4-dihydroxy- 
benzene 

oxidation to corresponding 
benzoquinones 

[208] 

Silver nitrate -1- triglycerides, saturated and heat to 230 to 250 °C 

phosphotungstic monounsaturated alcohols 

acid + cobalt nitrate 

[205, 206] 

Phosphomolybdic 

acid 

essential oil components 

stabilization of the silver 
nitrate-impregnated adsorb¬ 
ent layer 

[207] 

Zirconium(IV) oxy¬ 
chloride 

estrone, 17-/J-estradiol and 
estnol, plasma lipids 

heat to 150 to 180°C for 

5 min Fluorescent zones are 
produced — sometimes only 
after heating for longer 
period 

[178] 
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3.2.6 Sequences of Spraying or Dipping 

It is desirable, in some cases, to apply different reagents to the developed 
chromatograms consecutively — e.g. with intermediate drying, heating or evalu¬ 
ation after each reagent application. It is possible in this way to detect and identify 
quite different substances and substance classes on the chromatogram, particularly 
in the case of complex mixtures of substances. Such series application of reagents 
increases the selectivity of the process and allows better differentiation of sub¬ 
stances and groups of substances. 

Series application of reagents has been particularly employed in toxicological 
analyses in cases of intoxication or drug abuse [277 — 279]. However, it can be a 
disadvantage in the use of reagents in series that the detection evidence produced 
by one reagent may be disturbed by the application of a later one. It is, therefore, 
necessary to carefully examine and document the chromatogram after the appli¬ 
cation of each reagent. Some typical reagent series are discussed in a later Volume. 


3.2.7 Processing the Chromatogram 

Fortunately in recent years there has been more consideration of the direct quanti¬ 
tative analysis rather than concentrating just on the question of substance-specific 
detection and increasing detection sensitivity. So that the reagents are no longer 
regarded merely as “visualizers” for chromatogram zones (qualitative evidence) 
but are used deliberately as tools to perform reproducible, stoichiometric reactions, 
which are a suitable basis for quantitative analyses. This means that it is necessary 
to pay greater attention to the processing of the chromatogram. This begins 
with the drying of the chromatogram after development and the homogeneous 
application of the reagent and continues with the reaction and stabilization of the 
products of reaction. 

It is known that not all reactions proceed in the same manner on all adsorbent 
layers because the material in the layer may promote or retard the reaction. Thus, 
Ganshirt [209] was able to show that caffeine and codeine phosphate could be 
detected on aluminium oxide by chlorination and treatment with benzidine, but 
that there was no reaction with the same reagent on silica gel. Again the detection 
of amino acids and peptides by ninhydrin is more sensitive on pure cellulose than 
it is on layers containing fluorescence indicators [210], The NBP reagent iq.v.) 
cannot be employed on Nano-Sil-Ci 8 -100-UV 2 54 plates because the whole of the 
plate background becomes colored. 
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The reasons for the above phenomena are to be found in differing configurations 
of hydrogen bonds, the effect of pH, differences in the structures of fluorescence 
indicators and binders and differences in surface area. For example, silica gel 60 
possesses a surface area of 500 m 2 /g [211] while that of Si 50 000 lies below 5 m 2 /g 
[ 212 ], 

In the case of substances whose structures are pH-dependent (e.g. phenols, 
carboxylic and sulfonic acids, amines etc.) it is possible to produce fluorescences 
or make them disappear by the deliberate manipulation of the pH [213] (Table 
20). Shifts of the positions of the absorption and emission bands have also been 
reported. This is particularly to be observed in the case of modified silica gels, 
some of which are markedly acidic or basic in reaction (Table 25). 


Table 20: Some substances, that change the color of their fluorescence at moderate pH range 
[214], 


Compound 

Color change 

from 

to 

pH range 

Fluorescein 

weak yellow 

yellow 

4.0... 5.0 

2',7'-dichlorofluorescein 

weak yellow 

yellow 

4.0... 6.0 

Resorufin 

colorless 

orange 

4.0... 6.0 

Acridine 

green 

blue 

4.5... 6.0 

Quinine 

blue 

violet 

5.9... 6.1 

Thioflavine 

colorless 

green 

6.5... 7.6 

Umbelliferone 

orange 

blue 

6.5... 8.0 

4-Methyl umbelliferone 

weak blue 

blue 

6.5... 8.0 

2-Naphthol 

weak blue 

blue 

7.0... 8.5 

Morin 

weak green 

green 

7.0... 8.5 

1-Naphthol 

colorless 

blue green 

7.0... 9.0 

Cumarin 

weak green 

green 

8.0... 9.5 

Acridine orange 

weak yellow-green 

yellow 

8.0... 10.0 


3.2.7.1 Drying the Chromatogram 

After a chromatogram has been developed the TLC plate is removed from the 
developing chamber and the status quo is fixed by removing the mobile phase 
remaining in the layer as quickly as possible. This is properly performed in the 
fume cupboard so as not to contaminate the laboratory with solvent fumes. If 
possible the TLC plate should be laid horizontally because then as the mobile 
phase evaporates the separated substances will migrate evenly to the surface where 
they can be the more readily detected. A fan or hair dryer (hot or cold air stream) 
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is often employed to increase the gradient of the solvent vapor over the surface of 
the layer. It must, however, be checked whether this evaporation affects the 
substances, for 

• essential oil components may evaporate and produce mists in the direction of 
the air stream, some of which may redeposit on the active layers producing 
single-sided, fuzzy zone boundaries; 

• oxygen-sensitive components may be destroyed by drying at elevated tempera¬ 
tures; 

• particles of dust from the laboratory air can deposit on the chromatograms and 
may possibly affect the following analysis; 

• chemical vapors are transported in the air stream onto the activated layers. 

For these reasons many research groups prefer to dry the chromatograms in a 
vacuum desiccator with protection from light. Depending on the mobile phase 
employed phosphorus pentoxide, potassium hydroxide pellets or sulfuric acid can 
be placed on the base of the desiccator, to absorb traces of water, acid or base 
present in the mobile phase. 

A further but also more time-consuming advance is to employ the AMD system 
(Camag). Here the mobile phase and mobile phase vapor is sucked out of the 
chamber and from the TLC plate after every development. This reduces to a 
minimum the contamination of the place of work with possibly injurious solvent 
vapors. 


3.2.7.2 Effect of Heating after Application of Reagent 

Almost all chemical reactions proceed more rapidly at elevated temperatures than 
in the cold and so it is recommended that the chromatogram treated with reagent 
be heated. Irradiation with UV light (high-pressure mercury lamp. Fig. 44) also 
promotes reaction. Heating to 100 to 120°C for 5 to 10 min is often sufficient to 
ensure complete reaction. However, the pyrolysis of organic compounds requires 
temperatures of 200 to 250 °C, which would probably result in the whole back¬ 
ground of the plate being darkened, because the binder in the layer also chars. 
The evaporation of volatile reagent during heating is avoided by laying on a 
covering plate [215], 

Since it still is not a simple matter to heat a TLC plate really homogeneously there 
is a danger of reaction inhomogeneities on the plate. The usual types of apparatus 
employed for heat production and transfer are drying cupboards, hotplates and 
1R sources. The success obtained using microwaves has been modest up to now. 


1 



2 


Fig. 44: Apparatus for irradiation with UV light. — 1 excitation apparatus (Heraeus, Hanau; 
OSRAM StE 501), 2 UV lamp (TNN 15-31001721), 3 housing, 4 TLC plate. 

Drying Cupboards 

Drying cupboards are often employed for heating chromatograms after they have 
been treated with reagents. The TLC plate should not be placed directly on the 
perforated shelf of the cupboard, since the heat transfer rate is appreciably greater 
where contact is made with metal than where the contact is with air and the pattern 
of the holes on the shelf would become visible on the chromatogram. There is, 
thus, the danger that the reaction of the substances would be dependent on the 
position on the chromatogram and, hence, the reproducibility of direct quantitative 
analysis would suffer. 

It has been found to be better to set the TLC plate down vertically on the bottom 
of the drying cupboard and to lay the glass upper edge against the wall of 
the cupboard. In cupboards with air circulation the chromatogram should be 
"suspended” in the air and only supported at the corners in an analogous manner to 
the column in a gas chromatograph oven. It has been suggested that homogeneous 
heating be achieved by attaching the TLC plate to a turntable which is continuously 
rotated inside the oven. The results obtained with such a “carousel” are reported 
to be good, but the method has not come into general use at least until now. 


Hotplates 

Hotplates (Fig. 45) are coming into increasing use for heating chromatograms. 
They have the advantage that it is possible to follow the reaction visually and the 
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Fig. 45: Commercial hot plates A) Camag, B) Desaga 

reagent vapors can escape directly (fume cupboard!). The TLC plate is removed 
as soon as the optimal color development is produced. 

Hotplates can normally be regulated over a temperature range of 30 to 190 C 
The temperature set should be maintained to an accuracy of within 2 C C, but this 
is not usually achieved in practice Figure 46 shows the results of a representative 
range of measurements, where the effective temperature was determined as a 
function of the temperature setting The temperatures were determined by means 
of 25 thermal sensors, which had previously been checked against each other They 
were distributed over the hotplate according to the pattern shown in Figure 46B 
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Fig. 46: Evaluation of the suitability of a hot plate for TLC by determination of the 
temperature distribution. A) results of 25 thermal elements at temperature settings of 80 C. 
100 C and 120 C, B) pattern of measuring points in five tracks (I —V) each with five 
measuring points 






96 


3 Chemical Methods oj Detection 


At low temperatures the average temperatures calculated from the individual 
measurements corresponded to the temperature setting. They were appreciably 
lower at higher temperatures and it was found that the temperature setting corre¬ 
sponded to the highest temperature that could be reached in the individual mea¬ 
surements. It was also evident that the edge of the hotplate was colder than the 
middle, i.e. the effective measured temperature was not the same everywhere over 
the surface of the hotplate; a homogeneous temperature distribution is most likely 
to be found in the center of the plate. 

In the derivatization of sugars with aniline-diphenylamine reagent for example, 
this leads to unsatisfactory irregular coloration. The standard deviation for the 
method deteriorates from 2 to 3% to 5 to 8%. For this reason color reactions 
should be avoided for direct quantitation if it is possible to scan in the UV range 
without derivatization. 

IR Sources 

Infrared sources are sometimes employed to heat thin-layer chromatograms. The 
chromatogram is laid on an insulating foil and irradiated from above at a distance 
of 10 to 20 cm by quartz spirals which are heated to 800 °C. Contact difficulties 
with the base naturally do not play any role here. But there is usually no regulation 
of the rate of heating so that such lamps can only be satisfactorily employed for 
pyrolysis investigations. They are insensitive to acid vapors and other aggressive 
reagents. 

Microwave Apparatus 

The methods of heating TLC/HPTLC plates described above depend on thermal 
conduction, convection or radiation. Microwave heating involves a special form 


Electric 

field Dipole (simplified) 



Fig. 47: Orientation of dipoles in the electric field [220]. 
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of dielectric heating [217]. Here frictional heat is produced in an nonconducting 
or only slightly conducting body by a high frequency electromagnetic field. This 
frictional heating is a result of the fact that molecules with an intrinsic or induced 
(in the case of adsorbed molecules) dipole structure continually seek to align 
themselves to the alternating field (Fig. 47). Table 21 lists the dipole moments p 
of some substances. The more symmetrically the charge is distributed in the 
molecule the smaller is the dipole moment. 


Table 21: Dipole moments of some substances. 


Substance 

Dipole moment p 
[D]‘ 

Substance 

Dipole moment p 
[D]* 

Chlorine gas, carbon 


D-Ribose 

5.1 

dioxide 

0 

D-Galactose 

5.3 

Ammonia 

1.48 

Glycine 

13.3 

Sulfur dioxide 

1.61 

Alanine 

17.5 

Methanol 

1.67 

Myoglobin (whale) 

155 

Water 

1.84 

Oxyhemoglobin, 


Acetone 

3.7 

carboxyhemoglobin 

400 

D-Glucose 

4.7 




* 1 D (Debye) = 3.33 ■ l(T 3 cm 


The frequency of microwave radiation lies between that of IR radiation and high 
frequency radio waves and the boundaries between these regions are not fixed 
[221]. The microwaves are generated in a transmitter (magnetron) which possesses 
a “stalk” which penetrates like a radio antenna into a hollow energy guide (Fig. 
48). This leads the electromagnetic waves into the reaction chamber (power about 



Base load 

Fig. 48: Schematic representation of a microwave apparatus [222]. 
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600 W) At the entrance an aperture focuses the microwaves on a rotating metal 
propeller (wave mixer), which distributes the radiation throughout the reaction 
chamber and prevents the setting up of standing waves which would result in 
uneven heating of the TLC plates [217, 223] 

Modem apparatus are equipped with a rotating table to accommodate the TLC 
plate above the base of the reaction chamber This means that microwaves can 
penetrate the TLC plate from below through the glass plate or plastic film Alu¬ 
minium foil backings are not suitable' They reflect the radiation and high poten¬ 
tials are built up between the aluminium foil and the wall of the reaction chamber, 
these result in electrical discharges 

So long as water is present in the adsorbent layer, the temperature does not rise 
above 100 °C However, microwave heaters will even perform pyrolyses when this 
has evaporated 

It follows from the depth of penetration of the microwaves, which is calculated 

Q 

from the formula d =- j=(f = frequency, e = dielectric constant of the adsorb- 

/ ye 

ent, c = velocity of propagation of electromagnetic waves in vacuo) [225], that 
practically the same temperature is reached at every depth in the TLC layer during 
microwave heating This is an advantage compared with hotplates In addition, the 
reaction is completed more rapidly (after 1—2 min) than in the drying cupboard In 
spite of these advantages microwave heaters have found scarcely any application 
in TLC analysis 

3.2.1.3 Stabilization of Developed Zones 

Treatment of the chromatogram with a reagent results in the production of colored 
or fluorescent chromatogram zones, which are used to evaluate the success of the 
separation and for quantitative analysis For this purpose it is necessary that the 
color or fluorescence intensities remain stable for about 30 minutes 

There are no general recommendations applicable to the stabilization of the color 
of colored chromatogram zones apart from that of storing the chromatograms in 
an atmosphere of nitrogen and protected from light until they are evaluated There 
are naturally other color stabilization methods which are applicable Well known 
is the addition of cadmium or copper salts in the case of the mnhydnn reagent 
(q v) and spraying with sodium mtnte solution after the van Urk reaction for 
lysergic acid derivatives [226] The blue color of tryptamine after reaction with 
2,6-dibromoquinone-4-chloroimide (q v) can also be stabilized, this time by expos¬ 
ing to ammonia vapor or spraying with ammonia solution [103] 
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In the case of fluorescent chromatogram zones there is also, m addition to storage 
of the chromatogram in the absence of light and oxygen mentioned above (Fig 49 
and 50), another method of stabilization, namely treatment of the chromatogram 
with viscous lipophilic or hydrophilic agents. These evidently reduce the ease with 
which parts of the molecules rotate and keep out the laboratory air Singlet oxygen, 
which is the pnmary agent in the oxidative degradation of substances, is not 
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Fig 49: Reduction in the fluorescence of coproporphynn (P-4), pentaporphynn (P-5) and 
heptaporphynn (P-7) as a function of time (storage of chromatogram in the air and in 

daylight) 
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Fig. 50: Reduction in the fluorescence of coproporphynn (P-4), pentaporphynn (P-5) and 
heptaporphynn (P-7) as a function of time (storage of chromatogram in the dark) 

excluded [227], but it is converted to less aggressive triplet oxygen during transport 
through the lipophilic phase. 

In 1967 spraying with a solution of paraffin wax allowed the recording of the 
fluorescence spectrum of anthracene directly on the TLC plate without any diffi¬ 
culties [228]. Hellmann too was able to stabilize emissions by the addition of 2% 
paraffin to the solvent [229]. Low concentrations evidently serve primarily to 
stabilize the fluorescence - this “stabilization concentration” extends up to ca 
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Fig. 51: Fluorescence intensities of porphyrins as a function of the concentration of the 
paraffin oil dipping solution: ■ mesoporphynn, 0 coproporphynn, □ pentaporphynn 

20% in the case of porphynns (Fig. 51). If the chromatograms are dipped in 
more concentrated solutions the fluorescence yield suddenly jumps. It is not clear 
whether micelle formation plays a role in this intensification. 

Figure 49 shows that porphynns are decomposed in the layer within a few hours 
if no special measures are taken, but that they can be stabilized for more than 24 
hours if the layers are dipped in 50% paraffin solution and stored in the dark. 
This was true of all six porphynns investigated (Fig. 52). Quantitation should not 
be undertaken less than an hour after dipping the chromatograms, because it takes 
so long for the fluorescence emission to stabilize [230], 

Similar fluorescence-stabilization has been reported for polyethylene glycol 4000 
by W 1NTERSTE1GER [291], 

Funk et al. [231] have demonstrated that the sensitivity of the analysis can be 
extended down into the femtogram range for the determination of selenium in 
water and biological matrices (Fig. 53). 




Table 22: Lipophilic fluorescence intensifies 
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Fig. 52: Fluorescence intensity of porphyrin chromatogram zones as a function of time after 
dipping in 50% liquid paraffin solution and storage in darkness. — 

P-2: mesoporphyrin, P-4: coproporphyrin, P-5: pentaporphyrin, P-6: hexaporphyrin, P-7: 
heptaporphyrin, P-8: uroporphyrin. 
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Fig. 53: Fluorescence scan of femtogram quantities of 2,1,3-naphthoselenodiazole (A) and 
associated calibration curve (B). 
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Table 22 (Continued) 


Fluorescence 

intensifier 

Substances 

Sensitivity increase/ 
stabilization 

Remarks/references 

Liquid paraffin 

selenium as 2,1,3- 
naphthoselenodiazole 

25-fold 

spray solution, 67% in 
n-hexane (Fig 53 [240]) 

Liquid paraffin 

carbamate and urea 
herbicides 

stabilization and en¬ 
hancement 

spray solution, 20% in 
toluene, water investi¬ 
gation [241] 

Liquid paraffin 

digitalis glycosides 

stabilization and en¬ 
hancement 

30% in chloroform [242] 

Liquid paraffin 

digitoxin, digoxin, 
methyldigoxin 

enhancement 

the chromatogram was 
coated with a film of 
paraffin liquid [243] 

Liquid paraffin 

luteoskynn, 

rugulosin 

stabilization 

spray solution, 50% in 
toluene—ethyl acetate — 
formic acid (16 + 4 + 1) 
[244] 

Liquid paraffin 

d 4 -3-ketosteroids 

10-fold 

dipping solution, 33% in 
n-hexane [10] 

Liquid paraffin 

d 4 -3-ketosteroids 
(testosterone 
isomcotimc hydra- 
zone, testosterone 
dansyl hydrazone) 

> 10-fold 

dipping solution, 33% in 
n-hexane [232] 

Liquid paraffin 

cholesterol, 
coprostanone, 
coprostanol etc 

2 to 8-fold 

dipping solution, 33% in 
n-hexane [246] 

Liquid paraffin 

estnol as dansyl de¬ 
rivative 

10-fold 

dipping solution, 67% in 
n-hexane [247] 

Liquid paraffin 

cortisol as dansyl hy¬ 
drazone 

10-fold 

dipping solution, 67% in 
n-hexane, serum investi¬ 
gations [248, 249] 

Liquid paraffin 

dansylamides 

10-fold, stabilization 
> 10 h 

spray solution, 67% in 
n-hexane [245] 

Liquid paraffin 

amilonde 

80% increase 

dipping solution, 33% in 
cyclohexane, human 
plasma investigation [250] 

Liquid paraffin 

fluphenazine 

enhancement 

dipping solution, 5% in 
toluene, plasma investi¬ 
gation [251] 


Table 22 (Continued) 


Fluorescence 

intensifier 

Substances 

Sensitivity increase/ 
stabilization 

Remarks/references 

Liquid paraffin 

piroxicam 

enhancement 

dipping solution, 10% in 
n-pentane, urine, tissue 
and plasma investigations 
[252] 

Liquid paraffin 

gentamycins, 

netilmicin 

50 to 65% enhance¬ 
ment 

dipping solution, 15% in 
n-hexane [253] 

Liquid paraffin 

gentamycins 

stabilization 

dipping solution, 33% in 
n-hexane [254] 

Liquid paraffin 

morphine as dansyl 
derivative 

stabilization 

dipping solution, 20% in 
n-hexane [291] 

Liquid paraffin — 
triethanolamine 

carbamazepine 

30-fold 

chloroform —liquid par¬ 
affin — triethanolamine 
(60 + 10 + 10) [255, 256] 

Liquid paraffin - 
triethanolamine 

cis/trans- 

diethylstilbestrol, 

ethynylestradiol 

3-fold 

chloroform — liquid par¬ 
affin — triethanolamine 
(60 + 10 + 10) [257] 

Liquid paraffin — 
triethanolamine 

vitamin B, 

2-fold 

chloroform — liquid par¬ 
affin — triethanolamine 
(60+ 10+ 10) [258] 

Silicone DC 200 

stengmatocystine 

10-fold 

18% in diethyl ether, 
cheese investigation [259] 


Hydrophilic liquids can also cause stabilization and amplification of fluorescence 
Thus, Dunphy et al employed water or ethanol vapor to intensify the emissions 
of their chromatograms after treatment with 2',7'dichlorofluorescein [260] Some 
groups of workers have pointed out that the layer material itself can affect the 
yield of fluorescent energy [261 —263] Thus, polyamide and cellulose layers were 
employed m addition to silica gel ones [245] The fluorescence yield was generally 
increased by a factor of 5 to 10 [264], but the increase can reach 100-fold [234, 
265] 

Some examples of fluorescence amplification with the aid of hydrophilic liquids 
are listed m Table 23 
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Table 23 Hydrophilic fluorescence intensifies and their fields of application 


Fluorescence 

intensifier 

Substances 

Sensitivity increase/ 
stabilization 

Remarks/references 

Ethylene glycol 

furosemide and its 
metabolites 

no information 

10% citric acid in ethylene 
glycol —water (1 + 1), 
plasma investigations 
[266] 

2-Ethoxyethanol 

gramme 

stabilization 

6% in mobile phase [267] 

Glycerol 

ethoxyquin, dansyl 
amides 

20-fold 

spray solution, 33% in 
methanol [292] or 50% 
ethanol [245] 

Polyethylene 
glycol 400 

cysteine adducts of 
a-,/?-unsaturated 
aldehydes as dansyl 
hydrazones 

stabilization and 
enhancement 

dipping solution, 25% in 
chloroform [268] 

Polyethylene 
glycol 400 

compounds with al¬ 
coholic OH groups 

20 to 25-fold 

dipping solution, 10% in 
methanol [269] 

Polyethylene 

glycol 

primary amines, in¬ 
dole derivatives, 
sympathomimetics 

stabilization and 
enhancement 

dipping solution, 20% in 
methanol [270] 

Polyethylene 
glycol 4000 

alcohols, amines 

stabilization and 
enhancement 

spray solution, 50% in 
methanol, best results on 
silica gel [271] 

Polyethylene 
glycol 4000 

flavonoide glycosides 

no information 

dipping solution, 5% in 
ethanol, phytochemical in¬ 
vestigations [273] 

Polyethylene 
glycol 4000 

silymarin 

enhancement 

5% in ethanol, optimum j 

for fluorescence after 24 h 
[274] 

Polyethylene 
glycol 4000 

primary, secondary, 
tertiary alcohols as 
anthracene- 
urethane derivatives 

stabilization and 
enhancement 

saturated dipping solution 
in methanol [275] 

Polyethylene 
glycol 4000 

compounds with al¬ 
coholic OH groups 

20 to 25-fold 

dipping solution, 10% in 
methanol [269] 

Polyethylene 
glycol 4000 

cetanol after reaction 
with 8-bromomcthyl- 
benzo-d-pyndo( 1,2- 
a)pynmidm-6-one 

stabilization > 15 d 

dipping solution, 10% in 
chloroform [291] 
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Table 23 (Continued) 


Fluorescence 

intensifier 

Substances 

Sensitivity increase/ 
stabilization 

Remarks/references 

Tnethylamine 

phenylurea and N- 

phenylcarbamate 

pesticides 

stabilization and 
enhancement 

spray solution, 10% in 
dichloromethane, 15 min 
delay before analysis [41] 

Tnethylaminc 

aminoglycoside anti¬ 
biotics 

stabilization 

spray solution, 10% in 
dichloromethane, investi¬ 
gation of solutions for in¬ 
jection [276, 278] 

Tnethylamine 

amino acids as 

fluorescamme 

denvatives 

stabilization 

spray solution, 10% in 
dichloromethane, 
employed before and after 
reaction with 
fluorescamme [280] 

Monoethanolamme dansyl amides 

10-fold 

spray solution [245, 272] 

Triethanolamine 

dansyl amino acids, 
dansyl amides 

enhancement 

spray solution, 20% in 
2-propanol, fluonmetnc 
evaluation after 16 h 
storage in vacuo [281] 

Triethanolamine 

gramme 

enhancement 

20% in water, sodium hy¬ 
droxide solution (c = 

1 mol/1) or 20% mono- 
ethanolamine solution 
can also be employed 
[267] 

Triethanolamine 

ephednne, effortil 
and estnol as dansyl 
denvatives 

stabilization 
> 100 min 

20% in 2-propanol [282] 

Triethanolamine 

spermine, spermidine 

no information 

spray solution, 20% in 
2-propanol, fluonmetnc 
evaluation after 16 h 
storage in vacuo [283] 

Triethanolamine 

N-nitrosamines 

no information 

spray solution, 10% in 
dichloromethane [284] 

Triethanolamine 

thiourea 

enhancement 

spray solution, 20% in 
2-propanol [285] 

Triethanolamine 

carbamate and urea 
herbicides as dansyl 
denvatives 

stabilization 

20% m 2-propanol, soil in¬ 
vestigations [286, 287] 

Triethanolamine 

matacil, zectran 

stabilization 

spray solution, 20% in 
2-propanol [288] 
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Table 23: (Continued) 


Fluorescence 

intensifier 

Substances 

Sensitivity increase/ 
stabilization 

Remarks/references 

Triethanolamine 

propham, 
chloropropham, 
swep, linurone, 
maloron 

stabilization and 
enhancement 

spray solution, 20% in 
2-propanol, water investi¬ 
gations [241] 

Triton X-100 

dansyl amides and 
amino acids 

30 to 110-fold 

spray solution, 20% in 
chloroform [265, 290] 

Triton X-100 

ethoxyquin (antioxi¬ 
dant in spices) 

> 200-fold, stabiliza¬ 
tion > 15 h 

spray solution, 33% in 
benzene; the fluorescence 
of aflatoxin 1$! is reduced 
by 10 to 15% [292]. 

Triton X-100 

polycyclic aromatic 
hydrocarbons 

10-fold 

1 % solution in n-hexane; 
optimal emission after 

60 min; 10% zone enlarge¬ 
ment [234] 

Triton X-100 

testosterone dansyl 
hydrazone 

> 25-fold 

dipping solution, 20% in 
chloroform [232] 

Triton X-100 

selenium as 2,1,3- 
naphthoselenodiazole 

90-fold 

dipping solution, 20% in 
chloroform (Fig. 53 [231]) 

Sodium 
dodecylsulfate, 
cetyltrimethylam- 
monium chloride, 
sodium cholate, 
/1-cyclodextrin 

dansylated amino 
acids and polycyclic 
aromatic hydro¬ 
carbons 

> 45-fold 

1% in water; the greatest 
enhancement of fluores¬ 
cence is that of sodium 
cholate on pyrene [263] 

Dioctyl sulfo- 
succinate 

codeine, morphine, 
monoacetyl-mor- 
phine, heroin 

stabilization 

dipping solution, 20% in 
ethanol [94] 


Although there is ample experimental evidence confirming the stabilization and 
amplification of fluorescence by means of viscous lipophilic and hydrophilic liquids 
there is as yet no convincing physicochemical explanation of the phenomenon. 
Wetting phenomena and pH changes could also play a role alongside solubilization 
phenomena and micelle formation in the liquid film. As a nonionogenic detergent 
Triton X-100 possesses wetting properties, so that here a surface-active effect can 
be brought into the discussion. The amines that have been employed certainly 
displace the pH. Further investigations are required to clarify the phenomenon. 
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3.3 Biological-Physiological Methods of Detection 

Just like the physical and microchemical methods of detection, the indirect, bio¬ 
logical-physiological detection procedures are very selective when applied to thin- 
layer chromatography. Here it is not chemical functional groups or particular 
physical properties that are selectively detected but effects on highly sensitive 
“biodetectors”. The following detection techniques have been employed: 

• Manual transfer of the chromatographically separated substance to the “detec¬ 
tor”. These include, for example, the detection of antibiotically active sub¬ 
stances, plant and animal hormones, mycotoxins, insecticides, spice and bitter 
principles and alkaloids. The frequency distribution of their employment is 
shown in Figure 54 [295]. 

• Bioautographic determinations, where test organisms, tissue homogenates or cell 
organelles are applied in agar or gelatine solution as detectors directly on the 
surface of the developed chromatogram. The detection of antibiotics, fungicides, 
saponins, vitamins etc. have been described using this method. 

• Reprint methods where the developed dried chromatogam is laid on the prepared 
agar layer “detector” with the exclusion of air bubbles. In this and in the 


Antibiotic substances 

Animal and vegetable 
growth substances 

Pesticides, mycotoxins, 
cytotoxic substances 

Hot and bitter substances 

Alkaloids with 
enzyme-inhibiting effects 


Percent 

Fig. 54: Fields of application and frequency distribution of biological-physiological detection 
methods. 
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previous method the “active agents” diffuse out of the TLC layer into the 1 to 
4 mm thick agar detector layer and there promote or inhibit the growth of the 
indicator organism during the period of incubation 

• Enzymatic determinations of the detection limit where the chromatograms are 
first sprayed with an enzyme solution Then after appropnate incubation the 
enzymatically altered components are detected by reaction with a suitable re¬ 
agent 

These methods are naturally subject to the degree of variation usual in biology 

and a degree of manual dexterity is often required Their employment in TLC is, 

nevertheless, justified because 

• these methods are highly specific (Fig 36), 

• inactive accompanying substances do not interfere, 

• the detection limits of the compounds are sometimes so low that it is scarcely 
possible to obtain better results by the classical methods of physical chemistry 
without resorting to ennchment 

These topics will be treated in depth in Volume 3 
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4 Documentation and Hints 
for Chromatography Experts 

Every chromatographic investigation begins with the preparation of the sample 
and the chromatographic system. This is followed by the crux of the separation 
process (development of the chromatogram) which is in turn followed by the 
visualization of the separated substances and the preservation of the chromato¬ 
gram and finally by the analysis of the results. 

Each of these steps must be so documented that it can always be repeated simply 
from the protocol. The most important steps will be discussed below, paying 
special attention to the processing of the chromatogram after development. 

4.1 Preparations for Chromatography 

A description of the preparatory steps before chromatography is performed from 
an integral part of the complete documentation. A record is necessary of the 

• sampling process, 

• sample storage (cool room, protection from light, inert gas atmosphere etc.), 

• comminution of the sample (sieve size etc.) and 

• sample preparation (extraction, distillation, sublimation etc.). 

In addition, information must be provided concerning the enrichment and clean 
up of the sample. If possible the sample solution prepared should be adjusted to 
a particular concentration, so that the application of the chosen volume gives a 
preliminary idea of the amounts in the chromatogram produced. 

Particular pieces of apparatus and chemicals and solvents of exactly defined quality 
were employed in the examples that follow and it is necessary to define them 
precisely. Manufacturers’ names have been given when necessary as defining a 
quality criterion. The purity of solvents and chemicals is a particularly important 
point. 

4.1.1 Solvent Quality 

The higher the demands made on the analysis the higher must be the quality of 
the solvents employed. Since the substances are present in dissolved form during 
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most stages of the analysis it must, for example, be known what additives have 
been employed to stabilize sensitive solvents (Tab. 24). 

Only particular solvents are suitable for certain purposes. The choice depending, 
for instance, on their residual water content or their acid-base nature if R f values 
are to be reproduced [1, 2]. Halogen-containing solvents may not be employed for 
the determination of chlorinated pesticides. Similar considerations apply to PAH 
analyses. “Pro analysi” grades are no longer adequate for these purposes. It is true 
that it would be possible to manufacture universally pure solvents that were 
adequate for all analytical purposes, but they would then be too expensive for the 
final user [3, 4], 


Table 24: List of some solvents and their stabilizers 


Solvent 

Quality 

Stabilizer 

Company 

Chloroform 

HPLC solvent 
hydrocarbon stabilized 
GR 

LiChrosolv 
for analysis 

Chromasolv 

ethanol, 0.5 to 1% 
amylene, 0.01 to 0.02% 
ethanol, 0.6 to 1.0% 
amylene 
ethanol, ca. t% 
amylene 

Baker 

Baker 

Merck 

Merck 

RtEDEL-de Haen 
R iEDEL-de Haen 

Dichloro- 

methane 

HPLC solvent 

GR 

LiChrosolv 
for analysis 

Chromasolv 

cyclohexane, 100 to 350 
ppm 

amylene, ca. 20 ppm 
amylene, ca. 20 ppm 
amylene, ca. 25 ppm 
amylene, ca. 25 ppm 

Baker 

Merck 

Merck 

RtEDEL-de Haen 
R tEDEL-de Haen 

Diethyl ether 

GR 

dried 

for analysis 

Chromasolv 

BHT, 7 ppm 
no information 

BHT, 5 ppm 
ethanol, ca. 2% 

Merck 

Merck 

RiEDEL-de Haen 
R iEDEL-de Haen 

Dioxane 

GR 

LiChrosolv 
for analysis 

Chromasolv 

BHT, 25 ppm 

BHT, 1.5 ppm 

BHT, 25 ppm 

BHT, 1.5 ppm 

Merck 

Merck 

RiEDEL-de Haen 
R iEDEL-de Haen 

Diisopropyl 

GR 

BHT, ca. 5 ppm 

Merck 

ether 

for analysis 

BHT, 5 ppm 

RiEDEL-de Haen 

Tetrahydrofuran HPLC solvent 

GR 

LiChrosolv 
for analysis 

Chromasolv 

BHT, 0.02 to 0.03% 

BHT 

no information 

BHT, 250 ppm 
no information 

Baker 

Merck 

Merck 

RiEDEL-de Haen 
R iEDEL-de Haen 
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Large quantities of solvents are employed for sample preparation, in particular, 
and these are then concentrated down to a few milliliters. So particularly high 
quality materials that are as free as possible from residual water and especially 
free from nonvolatile or not readily volatile impurities ought to be employed here; 
such impurities are enriched on concentration and can lead to gross contamination. 
The same considerations also apply to preparative chromatography. Special sol¬ 
vents of particular purity are now available. 


4.1.2 Choice of Stationary Phase 

If sufficient knowledge is available concerning the previous history and chemical 
nature of the sample, then it is possible to choose the type of stationary and mobile 
phase according to the triangular scheme [5,40] (Fig. 55). Silica gel and aluminium 
oxide are active adsorbents. They should be characterized more precisely when 
documenting the experiment, most simply by noting exactly the product desig¬ 
nation and source, since every manufacturing company takes care to guarantee 
the properties and qualities of its products. 


ADSORPTION 

active polar 



PARTITION 




Fig. 55: Triangle scheme for the choice of phases. 


Thus, for instance, 10% aqueous suspensions of the adsorbents produced by the 
various manufacturers are different (Table 25). It is not a matter of indifference 
whether Silica gel 60 or Silica gel 60 W (water-resistant) layers are employed, for 
the two differ appreciably both in pH and in running time and, hence, in selectivity 

[ 6 ], 
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Table 25: Summary of the pH values of some layer materials of precoated plates, determined 
as 10% aqueous suspensions (duplicate determination: two different TLC/HPTLC plates 
from the same batch). 


Layer type 

Company and 
Catalogue No. 

PH 

Layer type 

Company and 
Catalogue No. 

pH 

Aluminium oxide 

Merck 

9.7 

Silica gel 

Schleicher & 

6.2 

60,type E 

5713 


G 1500 

Schull 


Aluminium oxide 

Merck 

8.9 

Silica gel 

Schleicher & 

7.5 

150, type T 

5727 


G 1570 

Schull 


Cellulose 

Merck 

6.6 

Kieselguhr 

Merck 

7.6 


5786 



5738 


Cellulose 

Schleicher & 

6.8 

Si 50 000 

Merck 

7.9 


Schull 3793 



15132 


Silica gel 

Macherey & 

6.4 

Silica gel 60 

Merck 

7.6 


Nagel 809023 


silanized 

5747 


Silica gel 

Macherey & 

6.3 

Silica gel 

Merck 

4.7 


Nagel 811022 


RP-8 

13725 


Silica gel 60 

Merck 

7.8 

Silica gel 

Merck 

5.0* 


5713 


RP-18 

13724 


Silica gel 60 

Merck 

7.6 

Silica gel 

Merck 

4.4 


5721 


RP-18 W 

13124 


Silica gel 60 

Merck 

7.7 

CN phase 

Merck 

5.1 


5628 



16464 


Silica gel 60 

Merck 

4.7 

Diol phase 

Merck 

3.6 

purest 

15552 



12668 


Silica gel 60 

Merck 

6.8 

NH 2 phase 

Merck 

9.9 

with cone, zone 

11798 



15647 


Silica gel 60 

RiEDEL-de Haen 

7.6 

Polyamide 11 

Merck 

6.9 


37643 



5557 


Silica gel 

RiEDEL-de Haen 

6.4 





37601 






* Suspension well shaken, afterwards the RP-18 material floated on the surface. 


Aluminium oxide is available in grades with neutral, acidic and basic reactions, 
which can also vary in the specific surface area and pore size. This makes the 
separations achieved vary and care must be taken to document precisely. 

Polyamide is available commercially as polyamide-6 (based on e-aminocapro- 
lactam, Macherey-Nagel) and as polyamide-11 (based on 11-aminoundecanoic 
acid, Merck). The lipophilic properties of these are different, thus altering their 
chromatographic selectivity. 

Cellulose layers are produced from native, fibrous or microcrystalline cellulose 
(Avicel*). The separation behaviors of these naturally vary, because particle size 
(fiber length), surface, degree of polycondensation and, hence, swelling behavior 
are all different. 

The most important thing to pay attention to in the case of RP phases is the chain 
length. It is often forgotten, however, that RP phases are available with differing 
degrees of surface modification and which also differ in their hydrophobicity and 
wettability and separation behavior (R f values, development times). These details 
should, therefore, also be documented. 

Differences in the materials employed for the layers can also become evident when 
chemical reactions are performed on them. Thus, Macherey-Nagel report that 
the detection of amino acids and peptides by reaction with ninhydrin is less 
sensitive on layers containing luminescent or phosphorescent indicators compared 
to adsorbents which do not contain any indicator [7]. 

It is for this reason that the details given in the monographs are, on the one hand, 
obtained by reviewing the literature while, on the other hand, the "Procedure Tested" 
section reports the results we ourselves obtained, which are not necessarily in complete 
agreement with the literature reports. 

The fact that the binder used in the layer can affect the reagent is shown in the 
monograph on 4-(4-Nitrobenzyl)pyridine reagent. It is not possible to employ this 
reagent on Nano-SIL C 18-100 UV 25 4 plates (Macherey-Nagel) because the 
whole surface of the layer is colored bluish-violet. The corresponding water- 
wettable layers produced by the same manufacturer do not present any difficulties. 

These few remarks should suffice to demonstrate the importance of the precise 
knowledge of the various layer materials and the precise documentation of their 
use. Such differences should also be taken into account when choosing the station¬ 
ary phase so that the impression is not later produced that phase A is better or 
worse than phase B. 
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4.1.3 Prewashing the Layer 

All commercially available precoated plates are manufactured with great care. But 
they are active layers which, on account of the numbers and structures of their 
pores, possess a very large internal surface area, on which water vapor and other 
volatile substances can condense, particularly once the packaging has been opened. 
In order to prevent this as far as possible the precoated plates are packed with the 
glass or foil side upwards. 

It is possible that plasticizers or monomeric components of the packing materials 
(adhesives etc.) are also absorbed during storage. In order to stop such “impurities” 
or oligomeric components of the binder interfering with the development, the 
plates are often prewashed before the actual chromatography, particularly during 
quantitative work. This is done by developing the chromatogram one or more 
times with either a mixture of methanol and chloroform (1 +1) or with the mobile 
phase that is to be employed later. When doing this the mobile phase should be 
allowed to climb appreciably above the solvent front of the subsequent chromato¬ 
graphic run. Acidic or basic mobile phases can cause difficulties because they are 
not completely removed during the subsequent activation (30 min at 110°C) in 
the drying cupboard and, thus, “impregnate” the stationary phase. 

It is always inadvisable to activate in a stream of hot or cold air (hair drier), 
because laboratory air is then blown over the layer. Such details also belong in the 
documentation of working instructions. 

4.1.4 Choice of Chamber System 

There is no other facet where thin-layer chromatography reveals its paper- 
chromatographic ancestry more clearly than in the question of development 
chambers (Fig. 56). Scaled-down paper-chromatographic chambers are still used 
for development to this day. From the beginning these possessed a vapor space, 
to allow an equilibration of the whole system for partition-chromatographic separ¬ 
ations. The organic mobile phase was placed in the upper trough after the internal 
space of the chamber and, hence, the paper had been saturated, via the vapor 
phase, with the hydrophilic lower phase on the base of the chamber. 

In the case of thin-layer chromatography there is frequently no wait to establish 
complete equilibrium in the chamber before starting the development. The 
chamber is usually lined with a U-shaped piece of filter paper and tipped to each 
side after adding the mobile phase so that the filter paper is soaked with mobile 
phase and adheres to the wall of the chamber. As time goes on the mobile phase 
evaporates from the paper and would eventually saturate the inside of the chamber. 
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Fig. 57: Schematic representation of the relationships between development, chamber satu¬ 
ration and pre-loading with solvent vapors (acc. [8]). 


But there can be no question of chamber saturation if the TLC plate is then placed 
directly in the chamber. But at least there is a reduction in the evaporation of mobile 
phase components from the layer. Mobile phase components are simultaneously 
transported onto the layer (Fig. 57). In the case of multicomponent mobile phases 
this reduces the formation of /)-fronts. 

Apart from such trough chambers there are also S-chamber systems (small 
chambers, sandwich chambers) with deliberately reduced vapor volumes, which 
are specially suited to adsorptive separations. Such chambers are available for 
vertical and horizontal development (Fig. 58). Different separation results are 
naturally obtained in trough and S-chambers [8]. 

The description of the experiment must, therefore, state what type of chamber was 
used and whether "chamber saturation" was employed. 

The twin-trough chamber (Fig. 43A) was not just developed to economize in 
mobile phase; it also allows the layer to be impregnated as desired from the vapor 
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Fig. 59: Vario chambers (Camag) for plate format 20 cm x 20 cm (A) and 10 cm x 10 cm (B) 


phase. In the case of acidic or basic mobile phases a demixing of the mobile phases 
usually occurs in the lower part of the chromatogram during development. When, 
however, a vapor such as acetic acid or ammonia has access to the stationary 
phase it is often possible to substitute an acid- or ammonia-containing mobile 
phase by a neutral one. The impregnating liquid is placed in one of the troughs, 
the mobile phase and the TLC/HPTLC in the other one. 
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Fig 60- Chromatogram of a 6 dyestuff mixture made up (according to falling R t values) of 
Sudan red 7B, Sudan orange G, Sudan black B, Sudan yellow, Artisil blue 2RP and Sudan 
black B (2 components) under different humidity conditions. From left to right 72, 65, 47, 
42, 32,18, 14 and 9% relative humidity; layer: silica gel 60; mobile phase: toluene. 


A precise mastery of the chromatographic process also requires that the relative 
humidity be controlled. There are sufficient examples demonstrating that repro¬ 
ducible development is only possible if temperature and relative humidity are 
maintained constant. The influence of the latter on chromatographic behavior can 
be investigated using the Vario KS chamber (Fig. 59). When the relative humidity 
is altered it is possible that not only the zone behavior will be changed but also 
the order of the zones on the chromatogram (Fig. 60). 

It is possible to control the relative humidity with sulfuric acid solutions of 
particular concentrations (Tab. 26) or with saturated salt solutions in contact 
with excess salt (Tab. 27). These liquids are placed in a conditioning chamber 
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Table 26: Relative humidities over various concentrations of sulfuric acid at 20°C. 


Sulfuric acid concentration 
[%] 

Relative humidity 
[%] 

Manufacture: 

ml cone, sulfuric acid + ml water 

98 

0 

100 

+ 0 

62.5 

9 

100 

+ 60 

55 

15 

too 

+ 82 

50 

20 

too 

+ 100 

40 

32 

68 

+ 100 

36 

42 

57 

+ 100 

33 

47 

50 

-I- 100 

28 

58 

39.5 + 100 

25 

65 

34 

+ 100 

22 

72 

27.5 + 100 


Table 27: Relative humidities over saturated salt solutions in contact with undissolved 
salts [8], 


Salt 

Rel. humidity Salt 
[%] 

Rel. humidity 
[%] 

ZnCl 2 l‘/ 2 H 2 0 

10 

NaN0 2 

66 

LiCl • H 2 0 

15 

CuCl 2 • 2 H 2 0 

67 

CaBr 2 

16.5 

nh 4 ci + kno 3 

72.6 

K(HCOO) 

21.3 

NaC10 3 

75 

K(CH 3 COO) 

22.7 

NaCl 

75 7 

NiBr 2 

27.1 

H 2 C 2 0 4 • 2 H 2 0 

76 

NaCl -f- KNO3 NaN0 3 

30.5 

Na(CH 3 COO) • 3 H 2 0 

76 

(16 C) 


Na 2 S 2 0 3 • 5 H 2 0 

78 

KF 

30.5 

nh 4 ci 

79.2 

MgBr 2 

31.8 

(NH 4 ) 2 S0 4 

79.5 

CaCl 2 • 6 H 2 0 

32.3 

KBr 

84 

MgCl 2 • 6 H 2 0 

32.4 

KC1 

85 

NaCl + KNOj (16°C) 

32.6 

KHS0 4 

86 

Cr0 3 

35 

BaCl 2 ■ 2 H 2 0 

88 

NaSCN 

35.7 

K 2 Cr0 4 

88 

NaCl + KCIO3 (16°C) 

36.6 

ZnS0 4 • 7 H 2 0 

90 

Nal 

38.4 

Na 2 C0 3 ■ 10 H 2 0 

90 

Zn(N0 3 ) 2 ■ 6 H 2 0 

42 

NaBr0 3 

92 

K 2 C0 3 2 H 2 0 

44 

k 2 hpo 4 

92 

kno 2 

45 

Na 2 S0 4 • 10 H 2 0 

93 

KSCN 

47 

nh 4 h 2 po 4 

93 

NaHS0 4 • H 2 0 

52 

kno 3 

93 2 

Na 2 Cr 2 0 7 • 2 H 2 0 

52 

Na 2 HP0 4 12 H 2 0 

95 

Ca(N0 3 ) 2 4 H 2 0 

54 

Na 2 S0 3 • 7 H 2 0 

95 

Mg(N0 3 ) 2 • 6 H 2 0 

54 

k 2 so 4 

97 2 

FeCl 2 • 4 H 2 0 

55 

CaS0 4 5 H 2 0 

98 

NaBr 2 H 2 0 

58 

Pb(N0 3 ) 2 

98 


(Fig. 43 B) or in one of the troughs of a twin-trough chamber (Fig. 43 A). If 
a conditioning chamber is employed the equilibrated TLC plate must then be 
transferred to the chromatography tank without delay. When a twin-trough 
chamber is employed the chromatography can be started after equilibration has 
taken place merely by adding the mobile phase to the second trough. 

Such details must also be documented in order to make it possible for others to repeat 
the experiment. 


4.2 Documentation on the Chromatogram 

One of the great advantages offered by thin-layer chromatography is that several 
samples (the same or different) can be developed on the same TLC/HPTLC 
plate together with the appropriate reference substances. A horizontal chamber 
(Fig. 58B) can be used to generate up to 70 chromatograms simultaneously, with 
development taking place antiparallel from two opposing edges of the plate and 
requiring less than 20 ml of mobile phase. 

Samples and reference substances should be dissolved in the same solvents to 
ensure that comparable substance distribution occurs in all the starting zones. In 
order to keep the size of the starting zones down to a minimum (diameter TLC: 
2 to 4 mm, HPTLC: 0.5 to 1 mm) the application volumes are normally limited 
to a maximum of 5 pi for TLC and 500 nl for HPTLC when the samples are 
applied as spots. Particularly in the case of adsorption-chromatographic systems 
layers with concentrating zones offer another possibility of producing small 
starting zones. Here the applied zones are compressed to narrow bands at the 
solvent front before the mobile phase reaches the active chromatographic layer. 

The use of application schemes and labelling each single chromatogram track can 
avoid mistakes as far as the order of application and positioning are concerned. 
Each sample and reference solution is applied twice with a displacement of half a 
plate width in the data-pair method [9], that has been in use since the 1960s for 
the purpose of reducing errors of application and chromatography (Fig. 61). The 
position of application must naturally be chosen so that the starting zone does 
not dip into the mobile phase. 

A soft pencil can be used to write on the chromatogram. But the chromatogram 
should not be marked below the starting point, because the layer could be damaged 
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Fig. 61: Application scheme according to the data pair method - V, to V 3 = standard 
solutions, Uj to U 3 = sample solutions 


with the result that the substance distribution in the chromatographic zones could 
be affected This would lead to errors in direct photometnc analysis [10] It is 
best to label the chromatogram above the level of the solvent front when the 
chromatogram is later developed Immediately after development is completed the 
level of the solvent front should be marked at the left and nght-hand edges of the 
plate to allow calculation of the Rf values This should be done even if a solvent 
front “monitor” is employed [11] or the development is controlled by means of an 
AMD [12 — 15] or PMD system [16—18] The practice of cutting a scratch across 
the whole adsorbent layer for this purpose is now obsolete - especially doing it 
before development 

The type of plate, chamber system, composition of mobile phase, running time and 
detection reagent used must naturally all be recorded The sample protocol illustrated 
in Figure 62 can be employed 

When preparing mobile phase mixtures each individual component should be 
measured out separately and only then placed in the mixing vessel This prevents 
not only contamination of the solvent stock by vapors from the already partially 
filled mixing vessel (e g ammonia') but also volumetric errors caused by volume 
expansions or contractions on mixing 

All details in the reagent monographs concerning mobile phases are given in parts by 
volume unless it is specifically stated otherwise 



4.3 Fixing the Visual Appearance of the 
Chromatogram 

A chromatogram is produced by developing a TLC/HPTLC plate, but it may be 
necessary to employ one of the reagents described to make the positions, structures 
and sizes of the chromatogram zones apparent so that they can be recorded If the 
Rf values are the same a comparison of the sizes of the zones of the sample and 
standard substances gives an indication for estimating the amounts If, as a result 
of matrix effects, the R f values of sample and standard are not the same then their 
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zone size and distribution of substance on the chromatogram will also differ on 
account of different diffusion patterns. These facts also belong in the protocol of 
a chromatographic separation. 

It is usually only possible to store the original chromatogram if TLC foils are 
employed or if the adsorbent layer is fixed and removed from the plate as a whole. 
This can be achieved by treating the chromatogram with collodium [19], “adhesive” 
[20] or plastic dispersions and exercising a little patience. 


4.3.1 Preserving with Neatan 

Chromatograms can be made “handleable” and storable by treatment with plastic 
dispersions, based on polyacrylic ester, polyvinyl chloride or polyvinyl propionate, 
such as, for example, Neatan (Merck) [21 —23]. In order to avoid clogging the 
spray head with plastic dispersion residue it is recommended that it be rinsed 
through immediately after use with tetrahydrofuran or that disposable jets be 
employed [24], 

After drying at a temperature below 50°C (higher temperatures lead to yellowing!) 
an adhesive film is rolled over the layer and the covered chromatogram cut down 
to the glass plate with a razor blade within 2 to 3 mm of its edges and raised at 
one corner. The “polymerized” layer can then be detached from the glass plate by 
soaking in water (methanol in the case of polyamide layers [23]) and after drying 
stuck into the laboratory notebook and labelled (take care when aggressive re¬ 
agents have been used!). 

This method of chromatogram preservation has lost a great deal of its importance 
with the increasing perfection of photographic methods, particularly since true- 
colored, instant, paper and slide positives have become available. Photography is 
the more rapid method of documentation if suitable photographic equipment is 
available. 


4.3.2 Documentation by Sketching, Photocopying or Photographing 

The phenomenological analysis results can be recorded by sketching or tracing on 
translucent paper and colored with crayons or pens to reproduce the impression 
of color. It is usual to mark fluorescent zones with a “ray-like” edge; phospho¬ 
rescence-inhibiting zones are marked with a broken fine. Stippling and hatching 
etc. can also be employed by a working group to convey additional information. 
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Direct copying on Ozalid or Ultrarapid blue print paper has also been employed 
for documentation [25-27]. For this purpose the chromatograms are laid layer- 
side up on a light box and, if necessary, covered with a sheet of 1 mm thick glass. 
The Ozalid paper is then laid on with the yellow-coated side down and covered 
with an appropriately shaped piece of wood (to keep out the daylight and to 
maintain contact). The exposure time is 8 to 10 minutes depending on the 
chromatographic background; it can be shortened to 3 to 4 minutes for weakly 
colored zones or lengthened appropriately for heavily colored backgrounds. The 
Ozalid paper is exposed to ammonia vapor after exposure. The chromatogram 
zones are recorded as red-violet spots on a pale background. AGFA-Copyrapid 
CpP or CpN papers can also be employed [37]. 

The simplest method of recording chromatograms nowadays is by means of conven¬ 
tional photocopying (Fig. 63). 



Fig. 63: Photocopy of the chromatogram in Fig. 60. 
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The chromatograms can also be recorded onto normal photographic paper (e.g. 
Ilfospeed 2.1 M, glossy 2, Ilford, Essex [28] or Kodak paper [29]) by transmitted 
light. Here too, as in the case of copying onto Ozalid paper, a sandwich is prepared 
from chromatogram and photographic paper (dark room!); this is then illuminated 
for about 1 s with a 25 watt incandescent bulb at a distance of 1.5 m. The negative 
image on the paper is then developed. 

Color reproduction of the chromatograms can be achieved by color photogra¬ 
phy — the best, but also the most expensive method of documenting thin-layer 
chromatograms. It can be used not only to produce true-color reproductions of 
colored zones but also — with the aid of a Reprostar (Fig. 64) or a UVIS analysis 
lamp (Fig. 6) — of fluorescent or fluorescence-quenched zones. When photograph- 
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ing fluorescent zones it is necessary to ensure that the filter transparency of the 
UV lamp is optimal so that the chromatogram illumination is even (Sec. 2.2.2 and 
Fig. 8). It must also be ensured that no exciting radiation reaches the film 
[31 - 33], 

When fluorescence-quenched zones are being photographed (excitation at X = 
254 nm) it is often sufficient to place a Type GG 435 glass filter (Schott, thickness 
4 mm) in front of the camera lens. On the other hand, a Wratten Type 2 E filter 
is recommended for recording fluorescent zones (excitation at X = 365 nm) [34], 
The slight blue coloration of the film caused by light passing the black-light filter 
of the UV lamp can be avoided by a yellow or pale orange filter. 

The required exposure times are difficult to estimate. They are best found by trial 
and error. Documentation of fluorescence quenching at X = 254 nm usually only 
requires one trial. The exposure time found to be adequate here is normally suitable 
for all following exposures of fluorescence quenching if the exposure conditions 
are maintained constant (camera type, film type, distance of objective and lamp, 
aperture etc.). The exposure time required for fluorescent chromatograms is pri¬ 
marily dependent on the intensity of the fluorescence and, therefore, has to be 
optimized for each chromatogram. It is best to operate with a range of exposure 
times, e.g. aperture 8 with exposures of 15,30,60,120 and 240 seconds. Experience 
has shown that one exposure is always optimal. 

Favorable settings are given in Table 28 for the employment of Polaroid color film 
Type 669 in a CU-5 Polaroid-Land camera with a 127 mm objective. Further 


Table 28: Setting conditions for a Polaroid Land CU 5 camera with supplementary lens (0.5 
dioptres) for photographing TLC plates of 20 x 20 cm format on Type 669 Polaroid color 
film. 


Subject 

Aperture 

Exposure 

Color 

correction 

Colored zones, 

white transmitted or incident light 

11 

1/8 s 

no 

Colored zones, 

white transmitted and incident light 

16 

1/8 s 

no 

Fluorescent zones, 
incident light at A = 365 nm 

8 

30 s 

yes 

Fluorescence quenching zones, 
incident light at k = 254 nm 

8 

30 s 

yes 


Fig. 64: Reprostar (Camag). 





138 4 Documentation and Hints for Chromatography Experts 


detailed data have been reported in the literature for other types of cameras and 
films [30 — 32, 35, 36], The production of autoradiograms will be dealt with in 
Volume 2. 

The color plates for the chromatograms reproduced in the reagent monographs 
were produced using an Olympus OM-4 camera with 50 mm lens combined with 
a copying stand with TTL-Makroblitz T 28 (Olympus). 


4.4 Documentation by Means of in situ Evaluation by Computer 

The methods of documentation of thin-layer chromatograms described until now 
depend on the photographic recording of the visually detectable chromatograms. 
The film negatives or slides can then be subjected to densitometric quantitation [26, 
38, 39] and included in the protocol. This indirect method of TLC chromatogram 
quantitation with its intermediate photographic step has been rendered completely 
obsolete with the coming of the computer-controlled, chromatogram spectrometer. 

Particularly elegant documentation is achieved by storing the quantitative TLC 
data on diskettes. They are then available for years and complement the qualitative 
record in an excellent manner. In addition they are always available for statistical 
analysis and, thus, contribute to comprehensive documentation. 
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Part II 


Reagents 

in Alphabetical Order 



Alizarin Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 100 mg alizarin in 100 ml ethanol. 

Spray solution A 0.25% [3] or saturated solution of alizarin [4] in ethanol. 

Storage The solution may be kept for several days at room temperature. 

Substances Alizarin 

Ethanol 

Ammonia solution (25%) 


Reaction 


Metal cations yield colored complexes with alizarin: 
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Method 


Procedure Tested 


The chromatogram is dried for 10 min in warm air and either immersed in the 
dipping solution (1 s) or sprayed evenly with the spray solution. The still-moist 
TLC plates are placed in the empty part of a twin-trough chamber filled with 
ammonia solution (25%) for 1 min. In a few minutes red-violet zones appear on 
a violet background. If the plate is then dipped in either 0.1 — 1% acetic acid in 
diethyl ether or in a 1% solution of boric acid in methanol-water (9 + 1) the 
background turns yellow and most of the chromatogram zones appear as red to 
violet spots. The following cations (arranged as in the periodic table) can be 
detected: 


I 

ii 

III 

IV 

V 

VI 

VII 

VIII 

Li 

Be 



nh 4 





Mg 

A1 






Cu 

Ca Zn 

Ga Sc 

Ti 

As V 

Se Cr 

Mn 

Fe Co Ni 

Ag 

Sr Cd 

In 

Sn Zr 

Sb 



Pd 

Au 

Ba Hg 

La 

Pb 

Bi 



Pt 


and Ce, Th, U and other rare earths. 


Note: The reagent can be employed on silica gel layers, which may also be impreg¬ 
nated, for example, with 8-hydroxyquinoline or dibenzoylmethane [3] or with 2,2'- 
dipyridyl or iminodiacetic acid [4] or on cellulose layers. 

Rather than dipping the chromatogram in acid solution it is preferable to heat it 
to 100°C for 2— 5 min (fume cupboard!) in order to evaporate the ammonia and 
turn the background yellow. By this means it is possible to increase the sensitivity 
of detection for some of cations e.g. Sr 2+ and Ba 2+ . However, these zones fade 
after some time, so that it is necessary to quantify the chromatogram immediately 
after heating. 


Nickel, Copper and Beryllium nitrates; Calcium, Magnesium, Strontium and Barium 
chlorides |5,7] 


Method 


Layer 


One-dimensional ascending development in a HPTLC 
chamber with chamber saturation. 

HPTLC plates Cellulose (Merck). The plates were pre¬ 
washed with mobile phase and dried for 10 min in a stream 
of warm air before use. 


Mobile phase 1 . Ni, Cu and Be cations: acetone - nitric acid (25%) 

(35 + 15). 

2. Alkaline earth cations [5]: methanol-hydrochloric acid 
(25%) (80 + 20). 

Migration distance 5-7 cm 


Running time 20 min 


4 



Hg-1: Absorption scanning curve of the alizarin complexes of barium (1), strontium (2) 

calcium (3), magnesium (4) and beryllium cations (5). The amounts applied were 2 ue in 
each case. 
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Detection and result: The separation was adequate in the systems given. The 
following hR ( values were obtained after heating for 2—5 min to 100°C. 

Mobile phase 1: Ni 2+ (blue-violet), hR f : 45 — 50; Cu 2+ (violet), hR f : 55—60; Be 2 + 
(violet), hR { : 80—85. 

Mobile phase 2: Ba 2+ (pale blue-violet), hR,: 15 — 20; Sr 2+ (pale blue-violet, 
slightly tailing), hR ( : 30 — 35; Ca 2+ (violet), hR f : 50—55; Mg 2+ (violet), hR f : 75 — 
80; Be 2+ (violet), hR ( : 93-98. 

The visual limit of detection was between 30 and 50 ng per chromatogram zone 
for nickel and copper, a factor of ten worse for the alkaline earths. There was 
sometimes an “impurity” front in the same hR ( range as beryllium. 

In situ quantitation: The photometric determination was made in reflectance mode 
at X = 550 nm (Fig. 1). 
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Aluminium Chloride Reagent 


Reagent for: 


• Unsaturated 1,2- and 1,3-dihydroxyketones, e.g. flavonoids [1 —4] 

• Mycotoxins: zearalenone [5, 6,10]; ochratoxin [5]; 


sterigmatocystine [7—11]; citrinine [12] 


• Trichothecenes: deoxynivalenol (vomitoxin) [13] 

A1C1 3 • 6H 2 0 

• Cholesterol and its esters [14] 

M r = 241.45 

• Phospholipids and triglycerides [14] 



Preparation of the Reagent 


Solution I 
Solution II 
Storage 
Substances 


Dissolve 0.2 to 1 g aluminium chloride in 100 ml ethanol. 

Dissolve 20 g aluminium chloride in 100 ml ethanol. 

The solutions can be stored for long periods in the refrigerator. 

Aluminium chloride hexahydrate 
Ethanol absolute 
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Reaction 

Aluminium chloride forms, for example, fluorescent complexes with flavonoids: 



OH 0 0 0 

\ / 
A1 
3 


Method 

The developed chromatograms are briefly immersed in or evenly sprayed with the 
appropriate reagent solution. Solution I is employed for flavonoids [1, 3] and 
solution II for mycotoxins [5, 8, 12], phospholipids, triglycerides and cholesterol 
[14]. 

After the dipped or sprayed chromatogram has been dried in a stream of cold air 
long-wave UV light (A = 365 nm) reveals fluorescent yellow zones (flavonoids). 
Sterigmatocystine, which can be detected without derivatization on account of its 
red intrinsic fluorescence (detection limit 0.5 |ig), also fluoresces pale yellow after 
being heated to 80°C [9] or 100°C [13] for 10 min; on the other hand, citrinine, 
zearalenone and vomitoxin fluoresce blue. 

The detection limits are ca. 20 ng per chromatogram zone. 


Note: The reagent can be employed on silica gel, kieselguhr, polyamide, RP, CN, 
NH 2 and cellulose layers. 

The colors of the fluorescing zones can depend on the concentration of the 
aluminium chloride solution. 

Hypericin which is a hydroxyanthraquinone and the antibiotic nystatin also yield 
fluorescent zones. A higher fluorescence intensity is frequently obtained by heating 
to 88° C for 2 - 5 min instead of simply allowing to dry at room temperature. 


Aluminium Chloride Reagent 
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Procedure Tested 

Flavonoids (Quercetin, Rutin, Hyperoside, Quercitrin) [15] 

Method One-dimensional, ascending development in a trough cham¬ 

ber with chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck) pre-washed by a single 

development with chloroform-methanol (50+50). The 
layers were preconditioned for 30 min over water after the 
sample had been applied. 

Mobile phase Ethyl acetate — formic acid (98 — 100%) — water (85 +10 

+ 15). 

Migration distance 6 cm 
Running time 18 min 

Detection and result: The chromatogram was freed from mobile phase and dipped 
for 1 s in solution I and after drying for 1 min in a stream of cold air it was dipped 
in a solution of liquid paraffin - n-hexane (1 + 2) in order to stabilize and increase 
the intensity of fluorescence by a factor of 1.5—2.5. The derivatives which were 
pale yellow in daylight after drying fluoresce pale blue to turquoise in long-wave 


l 



fig-1: Separation of flavonoids: fluorescence scanning curve of rutin (1), hyperoside (2), 
quercitrin (3) and quercetin (4). 



150 Aluminium Chloride Reagent 


UV light (A = 365 nm): rutin (hR, : 25-30), hyperoside (hR f : 45-50), quercitrin 
(hR ( : 60-65) and quercetin (hR t 85-90). The detection limits were 10 ng sub¬ 
stance per chromatogram zone. 

In situ quantitation: The in situ fluorescence measurement was carried out at X eic = 
436 nm and Af, = 546 nm (monochromate filter M 546). 
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4-Aminoantipyrine — Potassium 
Hexacyanoferrate(III) Reagent 

(Emerson Reagent) 


Reagent for: 



• Arylamines [1, 2] 

h 3 c nh 2 

>=[ 

H 3 C^ N 'N^O 


• Phenols [3 — 5] 

/j 


• Salithion [6] 

u 


• Sympathicomimetics 

c„h 13 n 3 o 

K 3 [Fe(CN) 6 ] 


M t = 203.25 

M, = 329.26 


4-Aminoantipyrine 



Preparation of the Reagent 

Dipping solution I Dissolve 1 g 4-aminoantipyrine (4-aminophenazone; 4-ami- 
no-2,3-dimethyl-l-phenyl-3-pyrazolin-5-one) in 100 ml 80% 
ethanol. 

Dipping solution II Dissolve 4 g potassium hexacyanoferrate(III) in 50 ml water 
and make up to 100 ml with ethanol. 

Spray solution I Dissolve 2 g 4-aminoantipyrine in 100 ml 80% ethanol. 

Spray solution II See dipping solution II. 

Storage The dipping solution and spray solution I can be stored in the 

refrigerator for about 1 week. 




4-Aminoantipyrine forms with aniline, for instance, a colored diimine derivative 
under the oxidative influence of iron(III) ions. 



4-Aminoantipyrine Aniline Quinone diimine derivative 


Method 

The chromatogram is freed from mobile phase and immersed in dipping solution I 
for 1 s or sprayed with spray solution I, dried in warm air for 5 min and then 
immersed for 1 s in dipping solution II or sprayed with spray solution II. After 
redrying the background is decolorized by placing the chromatogram in a twin- 
trough chamber, one of whose troughs contains 25% ammonia solution. Red- 
orange colored zones are produced on a pale yellow background. The color 
intensity of the chromatogram zones is also increased in the case of phenols, since 
these only react in alkaline medium [4]. 

Note: The reagent can be just as successfully employed on silica gel, kieselguhr, 
aluminium oxide and polyamide layers as it can with RP and NH 2 phases. The 
final treatment with ammonia vapor to decolorize the background can be omitted 
in the last case. 

An iodine solution can be employed as oxidizing agent in place of potassium 
hexacyanoferrate(III). 4-Aminoantipyrine also produces colored zones with 1- and 
1,4-unsaturated 3-ketosteroids (pregnadienediol derivatives) in the absence of 
oxidizing agents. 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one 
chamber with cl 
(5 min intermed 
required for the 

TLC plates Silic 
WRF 25 4s (Merc 
Nagel). 

TLC: chlorofon 
separation). 

TLC: 10 cm; HI 

TLC: 20 min; H 


Detection and result: The following hi 
carvacrol and thymol (red) 30-35, eu 
ground was pale yellow colored. The 
chromatogram zone. The colored zon 
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4-Aminobenzoic Acid Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 1 g 4-aminobenzoic acid in 18 ml glacial acetic acid 
and add 20 ml water and 1 ml 85% phosphoric acid; immedi¬ 
ately before use dilute with acetone in the ratio 2 + 3 [2], 

Storage The reagent may be stored for 1 week in the dark at room 

temperature. 

Substances 4-Aminobenzoic acid 

Glacial acetic acid 
Orthophosphoric acid (85%) 

Acetone 


Reaction 

Sugars react with the reagent probably with the formation of Schiff’s bases: 


R 1 

R 2 




\=o + h 2 n- 


-COOH 


- HjO 


:ooh 


4-Aminobenzoic Acia Keageni 


100 


Method 

The chromatogram is freed from mobile phase and dipped in the reagent for 2 s 
or uniformly sprayed with it, dried for several minutes in a stream of cold air and 
heated to 100°C for 10—15 min. The result is reddish-brown chromatogram zones 
on a colorless to pale brown background. 

Note: The reagent can be employed on cellulose layers. Sodium acetate-buffered 
kieselguhr layers are less suitable [6]. Only a few sugars are detectable and 
those with lower sensitivity if acid is not added to the reagent [7]. 


Procedure Tested 

Sugar in Diabetic Chocolate |8] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 

Layer TLC plates Silica gel 60 (Merck). 

Mobile phase Dichloromethane — methanol — glacial acetic acid — water 

(50 + 50+25 + 10). 

Migration distance 15 cm 

Running time 120 min 

Detection and result: The chromatogram was freed from mobile phase and im¬ 
mersed in the reagent solution for 2 s and placed in a drying cupboard while still 
moist. After heating to 120°C for 15 min red-brown (fructose) and grey-blue 
(lactose) chromatogram zones were produced, which fluoresced turquoise under 
long-wavelength UV light (A = 365 nm). The detection limits in visible light were 
200 - 300 ng substance per chromatogram zone. The detection limits were 
appreciably lower with less than 5 ng per chromatogram zone on fluorimetric 
analysis. 

In situ quantitation: Quantitation was performed fluorimetrically (A CIC = 365 nm, 
Af, > 560 nm). The baseline structure was most favorable under the chosen con¬ 
ditions (Fig. 1). 
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2 



Fig. 1: Fluorescence plot of a blank (A) and a chromatogram track of a diabetic chocolate 
extract (B). Circa 50 ng lactose and fructose were applied. Start (1), lactose (2), fructose (3). 
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2-Aminodiphenyl — 
Sulfuric Acid Reagent 


Reagent for: 

• Carbonyl compounds [1, 2] 

O-Q 


e.g. aliphatic aldehydes from C-8, 


glycol aldehyde [5], glyoxalic acid, 

nh 2 


2,3-pentanedione 

• Vitamin B 6 (pyridoxal) [2] 

c 12 h u n 

h 2 so 4 

• Sugars [3,4] 

M t = 169.23 

Mr = 98.08 


Preparation of Reagent 

Solution I Dissolve 1 g 2-aminodiphenyl (biphenyl-2-ylamine) in 100 ml 

ethanol. 

Solution II 20% sulfuric acid. 

Dipping solution Carefully mix equal volumes of solutions I and II immediately 
before the dipping process. 

Spray solution For sugars [3]: dissolve 3 g 2-aminodiphenyl in 100 ml glacial 
acetic acid and add 1.5 ml 85% orthophosphoric acid. 

Storage Solution I may be stored in the refrigerator for several days. 

Substances Biphenyl-2-ylamine 

Sulfuric acid (25%) 

Ethanol 

Glacial acetic acid 
Orthophosphoric acid (85%) 
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Reaction 

2-Aminodiphenyl reacts with carbonyl compounds to form colored or fluorescent 
Schiff’s bases with the elimination of water: 



Method 

The chromatogram is freed from mobile phase and immersed for 1 s in the freshly 
prepared reagent solution and then heated to 105 to 110°C for 5 to 10 min. Green, 
blue or purple fluorescence appears on a dark background under long-wavelength 
UV light (A = 365 run). 

Note: The dipping solution, which can also be used as a spray solution, can be 
employed with silica gel, kieselguhr, cellulose, RP, NH 2 and CN phases. Sugars 
(exceptions include, for example, fructose, melezitose and raffinose) yield 
brilliantly colored zones on an almost colorless background when the spray solu¬ 
tion is employed. Aldohexoses appear brown, aldopentoses bright red and 
hexuronic acids orange in color [3], The detection limit differs for different sub¬ 
stances; it ranges from 10 ng (pyridoxal) over 100 ng (cinnamaldehyde) up to 2 |ig 
(citral). 


Procedure Tested 

Citral, Citronellal, Cinnamaldehyde [6] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Toluene — ethyl acetate — glacial acetic acid (90 + 5 + 5). 


Migration distance 5 cm 
Running time 20 min 

Detection and result: The chromatogram was freed from mobile phase and im¬ 
mersed for 1 s in the freshly prepared dipping solution and then heated to 105 to 
110°C for 5 to 10 min. Citral (hR f 60) and citronellal (hR f 80) produced brown 
zones on a light brown background in visible light, the zones had a purple fluores¬ 
cence under long-wavelength UV light (A = 365 nm). Cinnamaldehyde acquired 
an intense yellow color but did not fluoresce. 

In situ quantitation: This could be made under long-wavelength UV light (A CIC = 
365 nm; Af, > 560 nm). However, it was not very sensitive. 
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4-Aminohippuric Acid Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 0.5 g 4-aminohippuric acid in 50 ml ethanol and make 
up to 100 ml with toluene. 

Spray solution Dissolve 0.5 g 4-aminohippuric acid in 100 ml ethanol. 

Storage Both solutions are stable for several days. 

Substances 4-Aminohippuric acid 

Ethanol 
Toluene 


Reaction 

Sugars react with the reagent, probably with the production of Schiff’s bases: 


x c=0 + h 2 n —$ \— 


nh-ch 2 -cooh 


—* R1 wy 

2 R 2 NH-CH 2 -COOH 


Carbonyl 

compound 


4-Aminohippuric 

acid 


Reaction product 
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Method 

The chromatogram is freed from mobile phase and immersed in the reagent 
solution for 1 s or homogeneously sprayed with the spray solution and then heated 
to 140°C for 8 min [2]. Hexoses and pentoses yield orange-colored zones on an 
almost colorless background, the zones fluoresce blue under long-wavelength UV 
light (A = 365 nm). 

Note: The layers on which the reagent can be employed include silica gel, cellulose 
and polyamide. 


Procedure Tested 

Hexoses and Pentoses |1| 

Method Ascending, one-dimensional development in a HPTLC 

trough chamber with chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase 2-Propanol - 0.75% aqueous boric acid - glacial acetic 

acid (40 + 5 + 1). 

Migration distance 8 cm 

Running time 80 min 

Detection and result: The chromatogram was freed from mobile phase and im¬ 
mersed in the reagent solution for 1 s and heated to 140°C for 10 min. The 
following appeared as blue fluorescent zones under long-wavelength UV light (A = 
365 nm): lactose (hR t 25 — 30), fructose ( hR f 30 — 35), arabinose (hRf 45 — 50), 
xylose (hR { 55 — 60) and rhamnose (hRf 60 — 65) (Fig. 1A). 

Immersion in a liquid paraffin — n-hexane (1 + 3) did not lead to an appreciable 
increase in fluorescence intensity. 

In situ quantitation: The fluorimetric analysis was made in UV light (A exc = 313 nm, 
A n > 460 nm; FI 46 filter). The signal-noise ratio was better above A = 460 nm 
than when a FI 39 filter is employed. 

The detection limits per chromatogram zone were 10-20 ng for xylose, 50- 
100 ng for fructose, arabinose and rhamnose and 1 — 2 pg for lactose (Fig. IB). 
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A B 


Fig. 1: Schematic diagram of the chromatographic separation (A) and the fluorescence scan 
(B) of a sugar mixture containing 1 pg substance per chromatogram zone. Lactose (1), 
fructose (2), arabinose (3), xylose (4), rhamnose (5), mixture (G). 
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4-Aminohippuric Acid - 
Phthalic Acid Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 0.2 g 4-aminohippuric acid and 3 g phthalic acid in 
50 ml ethanol and dilute with 50 ml toluene. 

Spray solution Dissolve 0.3 g 4-aminohippuric acid and 3 g phthalic acid in 
100 ml ethanol. 

Storage Both solutions are stable for several days. 

Substances 4-Aminohippuric acid 

Phthalic acid 
Ethanol 
Toluene 

Reaction 



nh-ch 2 -cooh 


nh-ch 2 -cooh 
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Method 

The chromatogram is dried in a stream of warm air and immersed for 10 s in the 
reagent solution or the spray solution is applied to it homogeneously and it is 
then heated to 115-140°C for 8-15 min [2, 4], Yellow to orange-red zones 
are produced on an almost colorless background; these emit an intense blue 
fluorescence under long-wavelength UV light (A = 365 nm). 

Note: Subsequent immersion of the chromatogram in a mixture of liquid par¬ 
affin — n-hexane (1 + 2) leads to an increase in the fluorescence by a factor of 2.5 
to 4.5 for some carbohydrates. 

The visual limit of detection, when irradiating with UV light, is 250 ng per chroma¬ 
togram zone; the zones are only detectable in visible light when the amounts are 
4 to 5 times greater [2]. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000, NH 2 , cellulose 
and polyamide layers. 


Procedure Tested 


Glucose, Fructose, Maltose |1| 


Method 

Layer 

Mobile phase 


Migration distance 


Ascending, one-dimensional development in a trough cham¬ 
ber without chamber saturation. 

HPTLC plates NH 2 F 254s (Merck). 

Acetonitrile — water — phosphate buffer (pH = 5.9) 
(80 + 15+10). 

Preparation of the phosphate buffer: 

Dissolve 680 mg potassium dihydrogen phosphate in 50 ml 
water and add 4.6 ml 0.1 M caustic soda; then dilute 1 + 9 
with water. 

7 cm 


long-wavelength UV light (A = 365 nm) as pale blue fluorescent zones on a weakly 
bluish fluorescent background. 

The fluorescence intensity of the chromatogram zones could be stabilized and 
increased by a factor of 2.5 to 3.5 by subsequent immersion in liquid paraffin — 
n-hexane (1 + 2). 

In situ quantitation: The in situ fluorimetric analysis was made under long-wave¬ 
length UV light (A cxc = 365 nm, A n > 560 nm) and is illustrated in Figure 1. The 
detection limits for maltose, glucose and fructose were ca. 10 ng substance per 
chromatogram zone. 



Fig. 1: Fluorescence plot for a sugar mixture containing 50 ng substance per chromatogram 
/one. Maltose (1), glucose (2), fructose (3). 
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Running time 20 min 

Detection and result: The chromatogram was freed from the mobile phase, im¬ 
mersed in the reagent solution for 10 s and heated to 150°C for 8 min. Maltose 
(hR, 10 — 15), glucose (hR, 20-25) and fructose (hR f 25-30) appeared under 
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Ammonia Vapor Reagent 


Reagent for: 

• Alkaloids 

e.g. morphine, heroin [1, 2] 
6-monoacetylmorphine [2] 

• Mycotoxins 

e.g. ochratoxin A [3 — 5] 

• Flavonoids, flavonoid glycosides [6 — 9] 

• Sennosides [10] 

• Naphthoquinone glucosides [11] 

• Valepotriates [12] 

• Antibiotics 

e.g. penicillic acid [13] 
rifamycin [14] 
tetracyclins [15] 

• Anthracene derivatives [16] 

• Homogentisic acid [17] 


Preparation of Reagent 

Solution Ammonia solution (25%). 

Storage The reagent may be stored over an extended period. 

Substances Ammonia solution (25%) 


NH 3 

M r = 17.03 
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Reaction 

Morphine and heroin form fluorescent oxidation products on heating in the 
presence of ammonia [1]. 


Method 

The chromatograms are dried in a stream of cold air (alkaloids: 110 —120°C for 
25 min in drying cupboard) and placed for 15 min in a twin-trough chamber — 
in the case of alkaloids while still hot — whose second trough contains 10 ml 25% 
ammonia solution. 

Valepotriates are detected by placing the chromatogram 0.3 mm from a TLC plate 
sprayed with cone, ammonia solution (sandwich configuration layer to layer), 
fastening with clips and heating to 110°C in a drying cupboard for 10 min [12], 

The result is usually chromatogram zones that fluoresce yellow, green or blue on 
a dark background under long-wavelength UV light (A = 365 nm), in some cases 
colored zones are detectable in visible light (e.g. homogentisic acid [17], sennosides 
[10], rifamycin [14]). 

Note: The natural fluorescence colors of some flavonoids [7, 9] and anthracene 
derivatives [16] are altered by the ammonia treatment. This makes possible differ¬ 
entiation on the basis of color. Detection limits per chromatogram zone have been 
reported of 2 ng for morphine and heroin [2], 6 ng for ochratoxin A [5] and 1 pg 
for penicillic acid [13]. 

The reagent can be employed on silica gel, kieselguhr. Si 50 000, polyamide, RP 
and cellulose layers. 


Procedure Tested 

Alkaloids [2] 

Method Ascending, one-dimensional development in a trough 

chamber without chamber saturation. 
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Layer HPTLC plates Silica gel 60 F 254s with concentrating zone 

(Merck), which had been prewashed by developing once 
with chloroform — methanol (50 + 50) and then dried at 
110°C for 30 min. 

Application The samples were applied to the concentrating zone as bands 

in the direction of chromatography. The zones were concen¬ 
trated by brief development in the mobile phase described 
below almost to the junction between the concentrating zone 
and the chromatographic layer, followed by drying for 5 min 
in a stream of warm air. The actual chromatographic separ¬ 
ation was then carried out. 


Mobile phase Methanol - chloroform — water (12 + 8 + 2). 

Migration distance 4.5 cm 

Running time 20 min 


Detection and result: The chromatogram was heated in the drying cupboard to 
110 —120 °C for 25 min and immediately placed - while still hot - in a twin- 
trough chamber, whose second trough contained 10 ml 25% ammonia solution, 
for 15 min. The chromatogram was then immersed for 2 s in a solution of liquid 
paraffin — u-hexane (1 + 2). 

Morphine (hR f 20 — 25), 6-monoacetylmorphine (fiR, 35-40) and heroin (/tR f 
50 — 55) appeared as blue fluorescent zones on a dark background under long- 
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Fig. I : Fluorescence scan of a mixture of alkaloids with ca. 50 ng substance per chromatogram 
zone: morphine (1), 6-monoacetylmorphine (2) and heroin (3). 


wavelength UV light (A = 365 nm). In each case the detection limits were 2 ng 
substance per chromatographic zone (Fig. 1). 

In situ quantitation: The fluorimetric determination was carried out in UV light 

(/.exc = 313 nm, A n > 390 nm). 
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Ammonium Thiocyanate — 
Iron(III) Chloride Reagent 


Reagent for: 


• Phosphates and phosphonic acids in 


detergents* [1] 


• Organic acids and phosphate esters [2] 

NH 4 SCN FeClj 

e.g. sugar phosphates 

M r = 76.12 M r = 162.22 


Preparation of the Reagent 


Dipping solution I Dissolve 1 g ammonium thiocyanate (ammonium rhodanide) 
in 100 ml acetone. 


Dipping solution II Dissolve 50 mg iron(III) chloride in 100 ml acetone. 

Storage The solutions are stable — when stored in the dark — for one 

month at room temperature [2], 


Substances Ammonium thiocyanate 

Iron(III) chloride anhydrous 
Acetone 


Reaction 

Iron(III) thiocyanate is not formed to any extent in the chromatogram zones. The 
result is white zones on a pink-colored background: 

Fe 3+ + 3SCN“ —tt -♦ Fe(SCN) 3 


*) Riidt, U.: Private communication, Chemische Untersuchungsanstalt, Stuttgart, 1984 


Method 

The chromatogram is dried for 10 min in a stream of warm air and immersed in 
solution I for 1 s. It is then dried for 5 min in a stream of warm air and finally 
immersed in solution II for 1 s. White zones result on a pink background. 

Note: It is necessary to remove acid mobile phases completely, since the color 
reaction only occurs in neutral to weakly acid medium. This is often difficult when 
cellulose layers are employed so that interference can occur. 

Some acids such as cinnamic, lactic, oxalic and quinaldic acid yield yellow zones. 
Maleic, fumaric and o-phthalic acids turn red in color, salicylic acid grey and 
4-aminobenzoic acid bluish. 

Dipping solution I alone is a sensitive detection reagent for phosphate esters. 
Combination with dipping solution II does increase the sensitivity limit for organic 
acids but it is still insufficient for sensitive detection. Inorganic ions that form 
complexes with iron(III) ions can interfere with detection. It is necessary to replace 
dipping solution II after each dipping procedure because accumulated impurities 
(e.g. NH 4 SCN from I) can discolor the background. 

The reagent can be employed on silica gel, kieselguhr, polyamide and cellulose 
layers. Only dipping solution I can be employed on amino phases. 


Procedure Tested 

Inorganic Phosphates and Phosphonic Acids in Detergents [1] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 

Layer HPTLC plates Cellulose (Merck). 

Mobile phase Dioxan — trichloroacetic acid solution (70 + 30). 

Preparation of the trichloroacetic acid solution: 16 g tri¬ 
chloroacetic acid were dissolved in 50 ml water. 0.8 ml 33% 
ammonia solution was (carefully!) added (fume cupboard) 
and made up to 100 ml with water. 
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Migration distance 6 cm 
Running time 30 min 

Detection and result: The chromatogram was dried for 10 min in a stream of warm 
air and immersed in solution I for 1 s, it was then dried for 5 min in a stream of 
warm air and immersed in solution II for 1 s. 

The phosphates and phosphonic acids appeared as white zones on a pink back¬ 
ground (Fig. 1 A). Figure 1B is a reproduction of the reflectance plots (A = 480 nm). 
Detection limits of 50 ng have been found for P02~ and P 2 07 ~. In the case of 
P 3 O 9 ~ and P 3 O 10 the detection limits were 125 ng per chromatogram zone. 



A B 

Fig. 1: A) Separation of phosphates and phosphonic acids; B) absorption plots of track 5 
and track 8 . P 3 O 3 (1), P 3 Oio (2), P 2 07 _ (3), PO| _ (4), mixture I (5), aminotrimethylene- 
phosphonic acid ( 6 ), l-hydroxyethane-l,l-diphosphonic acid (7), mixture II ( 8 ). 
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Amylose — 

Potassium Iodate/Iodide Reagent 


Reagent for: 


• Nonvolatile aromatic 
and aliphatic 
carboxylic acids [1] 

KI KIO3 Amylose 

• Ampicillin [2] 

M r = 166.01 Mr = 214.00 M r « 10 6 

• Phenylethylamines 
e.g. ephedrine [3] 



Preparation of Reagent 


Solution I 
Solution II 
Solution III 
Dipping solution 

Spray solution 

Storage 

Substances 


Dissolve 1 g amylose with warming in 100 ml water. 

Dissolve 2 g potassium iodate in 100 ml water. 

Dissolve 8 g potassium iodide in 100 ml water. 

Combine 10 ml each of solutions I to III immediately before 
use and dilute to 100 ml with water. 

Mix equal volumes of solutions I to III immediately before 
spraying. 

Solutions I to III are stable for several weeks in the refrigerator. 

Amylose 
Potassium iodide 
Potassium iodate 
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Reaction 

Iodide and iodate ions react under the influence of protons to yield iodine mole¬ 
cules which react with amylose to yield a blue clathrate complex: 

„ Amylose . . 

I0 3 + 51“ + 6 H + -> 3I 2 + 3H 2 0--> blue complex. 

Method 

The well-dried chromatogram (1 h at 105°C if acidic or basic eluents have been 
employed) is immersed in the dipping solution for 1 s or homogeneously sprayed 
with the spray solution and then dried in a stream of cold air. Acids yield blue 
zones on a colorless or pale blue background [1] which gradually darkens. 

For the detection of ampicillin it is necessary to add acetic acid to the dipping or 
spray solution. Ampicillin then yields pale zones on a blue background [2], 

Note: The reagent can be employed on silica gel and cellulose layers. Starch can 
also be employed in place of amylose [2], The blue coloration of the amylose 
complex turns brown after a short time. 

Saccharin and the three diphenols, pyrocatechol, resorcinol and hydroquinone, 
react only weakly or not at all. The same is true of picric acid. On the other 
hand, cyclohexanesulfamic acid and bis-(2-ethylhexyl)-phosphoric acid are readily 
detected [1]. 

The detection limit for ampicillin is 50 ng per chromatogram zone. 

Procedure Tested 

Organic Acids |4| 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 

Layer TLC plates Cellulose (Merck). 

HPTLC plates Silica gel WRF 254s (Merck). 

SIL G-25 (Macherey-Nagel). 

Mobile phase a) for cellulose layers 

1. 1-butanol - ethanol (96%) — ammonia solution 
(25%) - water (60 + 60 + 60 + 15) 


2. ethanol (96%) — ammonia solution (25%) (112+16). 

b) for M & N SIL G-25 and Merck HPTLC plates 

3. diisopropyl ether — formic acid — water (90 + 7 + 3). 

Migration distance 6 cm 

Running time 25 — 30 min 

Detection and result: The chromatograms had to be freed from mobile phase before 
they were immersed; otherwise a blue background was produced. After it had 
been dipped the chromatogram was dried in a stream of cold air. Zones appearing 
on an initially pale background were first brown and then turned blue. The 
background, however, darkened so much that after 5 min it was scarcely possible 
to discern the zones. Table 1 lists some hR, values. 


Table 1: hRf values of some carboxylic acids 


Acid 

Cellulose 

hRf value 

Silica gel 

4-Aminobenzoic acid 

55-60 

— 

2-Aminobenzoic acid 

60-65 

— 

Fumaric acid 

— 

80-85 

Benzoic acid 

70-75 

— 

Malic acid 

- 

15-20 

Tartaric acid 

5-10 

0 

Phthalic acid 

15-20 

60-65 

Adipic acid 

- 

55-60 

Salicylic acid 

80-85 

— 


Note: The reagent was not particularly sensitive for acids. On cellulose layers the 
detection limit was ca. 1 pg (salicylic acid > 5 pg) and on silica gel layers it was 
5 pg (fumaric acid ca. 1 pg). 

In situ quantitation: The reagent was not suitable for a sensitive, direct, photometric 

analysis. 
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Aniline — Aldose Reagent 



Preparation of the Reagent 

Solution I Mix 2 ml freshly distilled aniline with 18 ml ethanol. 

Solution II Dissolve 2 g of an aldose (e.g. glucose) in 20 ml water. 

Dipping solution Mix 20 ml each of solutions I and II immediately before use 
and make up to 100 ml with 1-butanol. 

Storage Solutions I and II are stable for a long period in the refrigerator. 

Substances D( -I-) Glucose 

Aniline 
Ethanol 
1-Butanol 


Reaction 

Furfural is produced from glucose under the influence of acid and this reacts with 
aniline to yield a colored product [5]. 


Aniline — Aldose Reagent 


ill 



Method 

The chromatogram is freed from mobile phase and immersed in the dipping 
solution for 3 s or the solution is sprayed on homogeneously; the chromatogram 
is then heated to 90 —140 °C for 5 —10 min. Brown zones are produced on a beige- 
grey background. 

Note: Aldoses other than glucose can also be used e.g. arabinose [1], xylose [2, 3, 
7] or ribose [4], The background color is least on cellulose layers; when cellulose 
acetate, aluminium oxide 150, silica gel, RP, NH 2 or polyamide layers are 
employed the background is a more or less intense ochre. The detection limit of 
carboxylic acids on cellulose layers is ca. 0.5 pg substance per chromatogram zone. 

It has not been possible to ascertain why this reagent is occasionally referred to 
as Schweppe reagent. 


Procedure Tested 

Organic Acids [6| 

Method Ascending, one-dimensional development in a trough 

chamber with chamber saturation. 

TLC plates Sil G-25 (Macherey-Nagel). 


Layer 




i /a 


/inuine — Aiaose neageni 


Mobile phase Diisopropyl ether — formic acid — water (90 + 7 + 3). 

Migration distance 10 cm 
Running time 30 min 

Detection and result: The chromatogram was freed from mobile phase and im¬ 
mersed for 3 s in the dipping solution and heated to 125°C for 5 — 10 min. The 
carboxylic acids: terephthalic acid ( hR f 5), succinic acid (hR f 50-55), phthalic 
acid ( hR, 55 — 60), suberic acid (hR, 60 — 65), sebacic acid {hR ( 65 — 70), benzoic 
acid (hRf 75 — 80) and salicylic acid (hRf 80 — 85) yielded brown zones on a light 
brown background. The detection limit was 2 pg acid per chromatogram zone. 

Note: If a dipping solution was employed for detection whose concentration was 
reduced to 1/10th that given above the acids appeared as white zones on a light 
brown background. 

In situ quantitation: The reagent was not suitable for a sensitive, direct, photometric 
analysis. 
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Aniline — Diphenylamine — 
Phosphoric Acid Reagent 


Reagent for: 

nh 2 



• Sugars 

Mono- and disaccharides 

6 

0-0 


[1-5] 

c 6 h 7 n 

C 12 HuN 

h 3 po 4 

Oligosaccharides [5 — 7] 
Starch hydrolysates [8 — 12] 

M r = 93.13 

M r = 169.23 

M r = 98.00 

• Thickening agents [13,14] 

Aniline 

Diphenyl- 

Orthophos- 

• Glycosides [15,18] 


amine 

phoric acid 

e.g. arbutin, prunasin. 




amygdalin, rutin 





Preparation of the Reagent 


Dipping solution Dissolve 2 g diphenylamine and 2 ml aniline in 80 ml acetone. 

Carefully add 15 ml phosphoric acid and make up to 100 ml 
with acetone [2, 8]. 

Spray solution Dissolve 1 to 2 g diphenylamine and 1 to 2 ml aniline in 80 ml 
methanol or ethanol. After addition of 10 ml phosphoric acid 
make up to 100 ml with methanol [3, 9] or ethanol [7]. 


Storage Both reagents can be stored in the dark at 4°C for up to 14 

days. It is recommended that the reagent be prepared daily for 
in situ quantitation. 

Substances Diphenylamine 
Aniline 

Orthophosphoric acid 
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Reaction (according to [16]) 

Heating the sugar with strong acid yields furfural derivatives. Aldohexoses can 
eliminate water and formaldehyde under these conditions yielding furfural. This 
adehyde reacts with amines according to I to yield colored Schiff’s bases. Ketohex- 
oses condense with diphenylamine in acid medium with simultaneous oxidation 
according to II to yield the condensation product shown. 


NH 2 -CH=CH-CH=C-CH=N— 


2 -Ketohexose —► 2 \-C^jLcH 2 OH > \ J~ CH 2 -0-CH 2 -JL 0 J- 

0 ) ( 2 ) 


' O-cf 1 ' 


+ 2 


■O 


NH, 


H+ 


H,0 


( 2 ) 



(J) 


+ 2 H* 
- 2 H 2 0 


* 



Method 

The chromatogram is freed from mobile phase and evenly sprayed with the spray 
solution or immersed for 1 s in the dipping solution. After drying the TLC plate 
is heated to 85 — 120°C normally for 10 to 15 min but in exceptional cases for 
60 min. It is advisable to observe the chromatogram during the reaction period, 
because the temperature and duration of heating strongly affect color develop¬ 
ment. 


Aldohexoses are stained dark grey to grey-blue. 1,4-Linked aldohexose- 
oligosaccharides appear as blue zones on a pale background if they are derived 
from maltose. Sucrose goes brown, lactose pale blue and raffinose grey-green. 
Ketohexoses yield olive green zones while pentoses (rhamnose) yield grey-green to 
pale green ones. Glucuronic acid (very dark grey) and galacturonic acid (pale 
violet) also react. Trehalose and sugar alcohols do not react. 

Note: For in situ quantitation the scanning should begin 20 min after applying the 
reagent [7]. Suitable stationary phases include silica gel [2, 8] — also buffered with 
0.02 M sodium acetate solution [9] - kieselguhr, Si 50000 [10] and, in particular, 
NH 2 layers [5], An adequate resolution is often obtained on amino layers after a 
single development (cf. Procedure Tested). 

To detect glycosides heat the chromatograms to 130—150 °C for 15 min. Blue- 
grey zones are produced (detection limit prunasin: 0.3—0.5 pg [18]). Flavonoids 
are better detected with a modified reagent of the following composition: phos¬ 
phoric acid (85%) — acetic acid — aniline — diphenylamine (20 ml + 100 ml 
+ 5 ml + 5 g). 

Absorption plots of oligosaccharide separations are reproduced in Figure 1 (A: 
maltodextrin, B: glucose syrup), those of mono- and disaccharide separations in 
Figure 2. 



Glucose units Glucose units 

fig. 1: Absorption plot (A) of a maltodextrin and (B) of a glucose syrup [8], 
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Procedure Tested 


Glucose, Fructose, Maltose or Lactose, Sucrose and Raffinose [17] 


Two noninterchangeable methods of procedure are reported below under the 
headings A and B. 

Method A) Ascending, one-dimensional, double development in a 

trough chamber (5 min drying in warm air between de¬ 
velopments) with chamber saturation. 

B) Ascending, one-dimensional development at 20 °C in a 
trough chamber. 


Layer A) HPTLC plates Si 50000 (Merck); develop once in 

chloroform — methanol (1 +1) to prewash and then dry 
at 110°C for 30 min. 

B) HPTLC plates NH 2 F 254s (Merck). 

Mobile phase A) Acetonitrile — water (17 + 3). 

B) Acetonitrile — water — phosphate buffer (16 + 3 + 2) 
Preparation of the phosphate buffer : Make Up 10 ml of 
a mixture of 50 ml potassium dihydrogen phosphate 
solution (c = 0.1 mol/1) and 4.6 ml caustic soda solution 
(c = 0.1 mol/1) to 100 ml with water. 


Migration distance A) 2 x 7 cm 
B) 7 cm 


Running time A) 2 x 10 min 

B) 15 — 20 min 


Detection and result: A) and B): The chromatogram was dried for 3 min in a 
stream of warm air, immersed in the dipping solution for 9 s and then heated to 
105-110°C for 15 min and finally immersed for 2 s in a solution of liquid 
paraffin—«-hexane (1+2) to stabilize and increase the fluorescence intensity 
(factor 2 to 3). 

Grey-green zones on a white background resulted ; they exhibited weak red fluores¬ 
cence under long-wavelength UV light (X = 365 nm); glucose and fructose ex¬ 
hibited pale blue fluorescence in method B. Some hR f values are listed in Table 1. 


Table 1: hR f values of some sugars 


Sugar 

hR ( value 

Method A 

Method B 

Fructose 

45-50 

25-30 

Glucose 

35-40 

20-25 

Sucrose 

25-30 

15-20 

Lactose 

15-20 

— 

Maltose 

— 

10-15 

Raffinose 

10-15 

5-10 


In situ quantitation: Quantitative analysis (Figs. 2 and 3) could be performed 
both absorption-photometrically with long-wavelength UV light (X = 365 nm) or 
fluorimetrically (2 eic = 436 nm; X n = 546 nm [monochromation filter M 546] or 
A fl > 560 nm). 

The detection limit for fluorimetric quantitation was 10 ng substance per 
chromatogram zone. 

Note: If the chromatogram developed by method B was exposed to ammonia 
vapors for 10 min before being immersed in liquid paraffin—n-hexane (1 + 2) the 
fluorescence of the chromatogram zones became deep red. Glucose and fructose 
also appeared red. 



Tig. 2: Fluorescence plots of the sugars after separation on a Si-50 000 layer without 
ammonia-vapor treatment. Start (1), raffinose (2), lactose (3), sucrose (4), glucose (5), fructose 

( 6 ). 
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Fig. 3: Absorbance plots (A) and fluorescence plots of the sugars without ammonia-vapor 
treatment (B) after separation on a NH 2 layer. Start (1), raffinose (2), maltose (3), sucrose 
(4), glucose (5), fructose (6). 
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Aniline — Phosphoric Acid Reagent 


Reagent for: 

N H 2 


• Carbohydrates (sugars) 
e.g. monosaccharides [ 1 ] 

u 


• Glucosides 

c 6 h 7 n 

H 3 PO 4 

e.g. aryl- and thioglucosides [ 2 ] 

M r = 93.13 

M, = 98.00 


Aniline 

Orthophosphoric 

acid 


Preparation of the Reagent 

Solution I Make 15 ml aniline up to 100 ml with 1 -butanol in a volumetric 

flask. 

Solution II Carefully make 30 ml orthophosphoric acid (88—90%) up to 

100 ml with 1 -butanol in a volumetric flask. 

Dipping solution Immediately before use add 20 ml solution I to 50 ml solution 
II and mix well to redissolve the precipitate that is produced. 
If this does not go back into solution it should be filtered off. 

Storage Solutions I and II are stable for several days. 

Substances Aniline 

Orthophosphoric acid 
1-Butanol 

Reaction (after [3]) 

Heating the sugars with strong acid yields furfural derivatives. Under these con¬ 
ditions aldohexoses can eliminate formaldehyde and water to yield furfural. This 

aldehyde reacts with amin es to yield colored Schiff’s bases. 
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-> 
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Method 

The chromatogram is freed from mobile phase in the drying cupboard (10 min, 
120°C) and immersed for 1 s in the reagent solution or sprayed homogeneously 
with it until the plate starts to appear transparent; it is then dried briefly in a 
stream of warm air and heated to 125—130 °C for 45 min. 

Many aryl- and also thio-/i-D-glucosides produce yellow fluorescent chromato¬ 
gram zones on a dark violet background under long-wavelength UV light (2 = 
365 nm), the zones are also sometimes recognizable in visible light as grey-brown 
zones on a white background [2]. Monosaccharides produce dark brown chroma¬ 
togram zones on a white background [1], 

Note: The detection limit for aryl- and thioglucosides is 100 — 200 ng substance 
per chromatogram zone [2]. Reduction of the proportion of phosphoric acid in 
the reagent leads to loss of sensitivity [2]. 

The reagent can be employed on silica gel, RP-18, CN and NH 2 layers. Cellulose 
and polyamide layers are not suitable. 


Procedure Tested 


Thioglucosides |4| 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough 
chamber with chamber saturation. 

HPTLC plates Silica gel 60 F 254 (Merck). 

1-Butanol — 1-propanol — glacial acetic acid — water 
(30 + 10 + 10 + 10). 

5 cm 

45 min 


Detection and result: The chromatogram was freed from mobile phase in the drying 
cupboard (10 min, 125°C) and immersed for 1 s in the reagent solution, then 
heated to 120°C for 45 min. 

Sinigrin (hR f 35—40) appeared as a yellow fluorescent chromatogram zone on a 
dark background under long-wavelength UV light (2 = 365 nm). The detection 
limit was 25—50 ng substance per chromatogram zone. 

In situ quantitation: Excitation at 2 eic = 365 nm and measurement at 2 f] > 560 nm 
were employed for fluorimetric quantitation (Fig. 1). 



Fig. I: Fluorescence plot (A) of the chromatogram track of an “unpurified” extract of sinapis 
seed (application: 2 pi of a 1% solution in methanol) and (B) of a reference track with 1 pg 
sinigrin per chromatogram zone. 
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Aniline — Phthalic Acid Reagent 

(Aniline phthalate Reagent) 


Reagent for: 



• Halogen oxyacids [1] 

nh 2 


e.g. chlorate, chlorite, perchlorate, 

A 

^XOOH 

f Y 

^^XOOH 

bromate, bromite, iodate 

0 

• Reducing carbohydrates (sugars) 



e.g. monosaccharides [2 — 8] 



oligosaccharides [2, 8] 

c 5 h 5 nh 2 

c 8 h 6 o 4 

oligouronic acids [9] 

M r = 93.13 

M r = 166.13 

methyl sugars [10,11] 

Aniline 

Phthalic acid 


Preparation of Reagent 


Dipping solution Dissolve 0.9 ml aniline and 1.66 g phthalic acid in 100 ml 
acetone. 


Spray solution Dissolve 0.9 ml aniline and 1.66 g phthalic acid in 100 ml water- 
saturated 1-butanol [1]. 

Storage The reagent solutions may be stored for several days. 

Substances Aniline 

Phthalic acid 
1-Butanol 
Acetone 


Reaction (according to [12]) 

Furfural derivatives are produced when sugars are heated with acids (see Aniline — 
Diphenylamine-Phosphoric Acid Reagent), these condense with aniline to Schiff’s 


bases. Chlorate, chlorite, perchlorate etc. oxidize aniline to 1,4-quinone, which 
then reacts with excess aniline to yield indophenol: 



Aniline 1,4-benzo- Indophenol 


quinone 

Method 

The chromatograms are freed from mobile phase, immersed in the reagent solution 
for 1 s or homogeneously sprayed with it, dried briefly in a stream of warm air 
and heated to 80- 130°C for 20-30 min. 

Variously colored chromatogram zones are formed on an almost colorless back¬ 
ground [1, 4], some of which fluoresce after irradiation with long-wavelength UV 
light (2 = 365 nm) [5]. 

Note: The dipping solution can also be employed as spray reagent. The detection 
limits per chromatogram zone are reported to be 1 —5 pg substance [1] for the 
oxyacids of halogens and ca. 10 pg substance for reducing sugars [4], 

The reagent may be employed on silica gel, kieselguhr, aluminium oxide, cellulose 
and polyamide layers. 


Procedure Tested 

Halogen Acids and Halogen Oxyacids |13) 

Method Ascending, one-dimensional development in a trough 

chamber with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase 2-Propanol - tetrahydrofuran - ammonia solution (32%) 

(50 + 30 + 20). 

Migration distance 5 cm 

Running time 25 min 




X s\> 


nmunt: — x ritrmut /iuu j\cugeril 


Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air, immersed in the reagent solution for 1 s and heated to 120°C for 
20 min. Intense yellow to brown zones of various hues were produced; these 
appeared as dark zones on a fluorescent background under long-wavelength UV 
light (2 = 365 nm). 

While chlorate and bromate yielded strong brown zones, iodate did not react at 
all. Iodide yielded an intense yellow zone, the colors produced by chloride, bromide 
and perchlorate were weak (Fig. 1). 



Fig. 1: Schematic diagram of a chromatogram of halogen acids and halogen oxyacids: 
Chloride (1), chlorate (2), perchlorate (3), bromide (4), bromate (5), iodide (6), iodate (7). 
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8-AniIinonaphthalene-l-sulfonic Acid 
Ammonium Salt Reagent 

(ANS Reagent) 


Reagent for: 

• Lipids, phospholipids [1 - 8] 

e.g. fatty acids or their methylesters, 
fatty alcohols [9] 

• Cholesterol and cholesteryl esters [1, 2] 

• Steroids [3] 

• Detergents [3] 

• Hydrocarbons [3] 



c 16 h 16 n 2 o 3 s 

M t = 316.38 


Preparation of the Reagent 

Dipping solution Dissolve 100 mg of 8-anilinonaphthalene-l-sulfonic acid am¬ 
monium salt in a mixture of 40 ml caustic soda solution 
(c = 0.1 mol/1) and 57 ml of an aqueous solution containing 
21 g citric acid monohydrate and 8 g sodium hydroxide per 
liter. 

Spray solution Dissolve 100 mg of 8-anilinonaphthalene-l-sulfonic acid am¬ 
monium salt in 100 ml water [1]. 

Storage The solutions are stable for at least 3 months if stored in a 

refrigerator in the dark [3]. 

Substances 8-Anilinonaphthalene-1-sulfonic acid 

ammonium salt 
Citric acid monohydrate 
Sodium hydroxide pellets 
Caustic soda (0.1 mol/1) 
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8-Anilinonaphthalene-1-sulfonic Acia Ammonium salt Keagent 






-o 


Reaction 

8-Anilinonaphthalene-l-sulfonic acid ammonium salt, which scarcely fluoresces 
in aqueous solution, is stimulated to intense fluorescence by long-wavelength UV 
light (A = 365 nm) if it is dissolved in nonpolar solvents or adsorptively bound to 
nonpolar molecular regions [3]. 


Method 

The developed chromatogram is freed from mobile phase by heating to 110°C for 
10 min in the drying cupboard. It is allowed to cool and immersed for 1 s in or 
sprayed homogeneously with the reagent; the plate is then examined (while still 
moist). 

Yellow-green fluorescent zones are easily visible against a dark background under 
long-wavelength UV light (A = 365 nm). 

Note: The developed chromatogram must be completely freed from nonpolar 
solvents before derivatization, otherwise an intense fluorescence will be stimulated 
over the whole plate. The fluorescence intensity of the chromatogram zones re¬ 
mains stable for ca. 40 min; it decreases slowly as the layer dries out and can be 
returned to its original intensity by renewed immersion in the reagent solution or 
in water. 

The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers and, if 
necessary, on RP-2 and RP-8 phases. It cannot be used on RP-18 layers [9] because 
here the whole plate is fluorescent.*) 


Procedure Tested 

Cholesterol [2] 

Method Ascending, one-dimensional development in a twin-trough 

chamber. 


*) Jork, H.: Private communication, Universitat des Saarlandes, 66 Saarbrucken, 1987 


Layer HPTLC plates Silica gel 60 WRF 24 5 s (Merck). After appli¬ 

cation of the samples the plate was preconditioned for 
30 min at 0% relative humidity. 

Mobile phase Cyclohexane — diethyl ether (1 + 1). 

Migration distance 6 cm 

Running time 15 min 

Detection and result: The developed chromatogram was freed from mobile phase 
by drying for 10 min at 110°C, allowed to cool and immersed for 1 s in the 
reagent solution. The plate was evaluated as rapidly as possible while it was moist 
since the fluorescent background increased in intensity as the plate dried out. 
Cholesterol appeared as a yellow-green fluorescent zone ( hR f 20 — 25). 

In situ quantitation: Fluorimetric analysis was made with long-wavelength UV 
light (A e „ = 365 nm, A fI > 430 nm). The detection limit on HPTLC plates that were 
analyzed in a moist state was 25 ng cholesterol per chromatogram zone (Fig. 1). 



Fig. 1: Fluorescence plot of a blank track (A) and of a cholesterol standard with 200 ng 
substance per chromatogram zone (B). 
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Anisaldehyde — Sulfuric Acid 
Reagent 
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1 7 / 


Preparation of the Reagent 


Dipping solution Dissolve 1 ml 4-methoxybenzaldehyde (anisaldehyde) and 2 ml 
cone, sulfuric acid in 100 ml glacial acetic acid. 


Spray solution 


Storage 

Substances 


Carefully add 8 ml cone, sulfuric acid and 0.5 ml anisaldehyde 
under cooling with ice to a mixture of 85 ml methanol and 
10 ml glacial acetic acid [1, 4, 8, 11,16]. 

The reagents are stable for several weeks in the refrigerator [4], 

4-Methoxybenzaldehyde 

Sulfuric acid 

Acetic acid 

Methanol 

Ethanol 


Note: Anisaldehyde — sulfuric acid is a universal reagent for natural products, 
that makes color differentiation possible [6]. The background acquires a reddish 
coloration if the heating is carried out for too long; it can be decolorized again by 
interaction with water vapor. The dipping solution can be modified by the addition 
of n-hexane for the detection of glycosides [17]. The detection limits are 50 ng 
substance per chromatogram zone for prostaglandins and sugars [5,6]. Bacitracin, 
chloramphenicol and penicillin do not react [15]. 

The reagent can be employed on silica gel, kieselguhr. Si 50 000 and RP layers. 


Procedure Tested 


Reaction 

The mechanism of reaction with steroids has not been elucidated. Various 
nonquantitative reactions occur simultaneously. Cyclopentenyl cations have been 
postulated as intermediates which condense with anisaldehyde to yield colored 
compounds [4], It is probable that triphenylmethane dyes are also formed with 
aromatic compounds. 


Method 

The chromatogram is freed from mobile phase in a stream of warm air, immersed 
for 1 s in the dipping solution or sprayed homogeneously with the spray solution 
until the layer begins to become transparent and then heated to 90-125 °C for 
1 — 15 min. 

Variously colored chromatogram zones result on an almost colorless background, 
they are often fluorescent under long-wavelength UV light (2 = 365 nm) (e.g. 
prostaglandins, salicylsalicin). 


Essential Oils [18] 
Method 

Layer 

Mobile phase 

k 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. 

HPTLC plates Silica gel 60 F 25 4 (Merck). 

Toluene — chloroform (10 + 10). 

2 x 6 cm with intermediate drying in a stream of cold air. 

2 x 10 min 


Detection and result: The chromatogram was freed from mobile phase and im¬ 
mersed for 1 s in the dipping solution and then heated to 100°C for 10 min. 

Menthol (hRf 15) and menthyl acetate (hR, 55) yielded blue chromatogram zones; 
caryophyllene (hR f 90) and caryophyllene epoxide (hR f 20 — 25) appeared red- 
violet and thymol (hRf 40 — 45) appeared brick red in color. 


In situ quantitation: Absorption photometric recording in reflectance was 
performed at a medium wavelength X = 500 nm (Fig. 1). 
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Fig. 1: Schematic sketch (A) of the separation of essential oil components (ca. 500 ng of each 
component) and reflectance scan of the mixture (B). Menthol (I), caryophyllene epoxide (2), 
thymol (3), menthyl acetate (4), caryophyllene (5), mixture (G). 
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/>-Anisidine — Phthalic Acid Reagent 



nh 2 


Reagent for: 

0 

CX 

^^XOOH 

• Carbohydrates 

och 3 


e.g. monosaccharides [1-7,12] 

c 7 h 9 no 

c 8 h 6 o 4 

oligosaccharides [2, 6] 
uronic acids [1, 4, 6] 

M r = 123.16 

M r = 166.13 

p-Anisidine 

Phthalic acid 


Preparation of the Reagent 

Solution I Dissolve 1.25 g />-anisidine (4-methoxyaniline) in 25 ml metha¬ 

nol and add 25 ml ethyl acetate. 

Solution II Dissolve 1.5 g phthalic acid in 25 ml methanol and dilute with 

25 ml ethyl acetate. 

Dipping solution Mix equal quantities of solutions I and II immediately before 
dipping. 

Storage The two solutions I and II may be stored for several weeks in 

the refrigerator. 

Substances p-Anisidine 

Phthalic acid 
Methanol 
Ethyl acetate 

Reaction 


Sugars react with the reagent probably with the formation of Schjff’s bases: 


R 1 

X C=0 + H 2 N- 
R2 7 




- h 2 o 
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Method 

The chromatogram is freed from mobile phase and immersed in the dipping 
solution for 1 s or uniformly sprayed with it and then heated to 100—130 °C for 
10 min. The result is reddish-brown (pentoses) to brown chromatogram zones on 
a colorless background, which also becomes brown after a time. 

Note: Phosphoric acid [8] and hydrochloric acid [6, 9] have both been suggested 
in the literature as substitutes for phthalic acid. The addition of sodium dithionite 
[9] is also occasionally mentioned and sometimes no additives are employed [10]. 
The alternative reagents offer no advantages over the phthalic acid containing 
reagent since they usually cause more background coloration. The limits of detec¬ 
tion are about 0.1 -0.5 pg per chromatogram zone [5]. 

The reagent can be employed on silica gel, RP, NH 2 and polyamide layers. 


Procedure Tested 


In situ quantitation: Absorption photometric scanning was carried out in reflec¬ 
tance at A = 480 nm (Fig. 1). 


t 



Fig. 1: Absorption curve of a chromatogram track with 4 pg of each substance per chromato¬ 
gram zone. Rhamnose (1), xylose (2), arabinose (3), fructose (4). 


Monosaccharides [11] 


References 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional double development in a 
HPTLC trough chamber with chamber saturation. 

HPTLC plates Silica gel 60 (Merck). 

2-Propanol — boric acid (2% aqueous solution) — glacial 
acetic acid (40 + 5 + 1). 

2 x 8 cm 

2 x 90 min 


Detection and result: The chromatogram was freed from mobile phase and im¬ 
mersed in the reagent solution for 1 s and then heated to 130°C for 10 min. 
Rhamnose (hR f 35—40) and fructose (hR f 70-75) yielded brown and xylose (hR ( 
45 — 50) and arabinose ( hR ( 60-65) red-brown chromatogram zones on a pale 
background. The detection limit for the pentoses was 0.1 pg and for fructose it 
was 0.5 pg substance per chromatogram zone. 
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Anthrone Reagent 


Reagent for: 

t 

• Ketoses [1] 


• Glycolipids, gangliosides [2 — 7] 

C 14 H 10 O 

• Cyclodextrins [ 8 ] 

M, = 194.24 


Preparation of Reagent 

Dipping solution For ketoses: Dissolve 300 mg anthrone in 10 ml acetic acid and 
add in order 20 ml ethanol, 3 ml 85% phosphoric acid and 1 ml 
water [ 1 ], 

Spray solution For glycolipids: Carefully add 72 ml cone, sulfuric acid to 28 ml 

water with cooling. Dissolve 50 mg anthrone in the mixture 
with gentle warming [5]. 

Storage The dipping solution may be stored in the refrigerator for 

several weeks, the spray solution should be freshly prepared 
each day. 

Substances Anthrone 

Sulfuric acid (95—97%) 

Acetic acid (96%) 

Ethanol 

Orthophosphoric acid (85%) 


Reaction 

Carbonyl derivatives react with anthrone in acidic medium to yield condensation 
products of types 1 (pentoses) or 2 (hexoses) [9]: 


Anthrone Reagent 


203 



0 ) 0 

( 2 ) 


Method 

The chromatogram is freed from mobile phase in a stream of warm air and 
immersed for 4 s in the dipping solution or evenly sprayed with it until the layer 
begins to be transparent (the spray solution is employed for glycosides) and then 
heated to 105 — 120 °C for 5—15 min. 

Colored chromatogram zones appear on an almost colorless background; ketoses, 
for example, are yellow in color [ 1 ], 

Note: Aldoses do not react or only react with greatly reduced sensitivity. The 
reagent can be employed with silica gel, kieselguhr and Si 50 000 layers. Paraffin- 
impregnated silica gel layers may also be employed [ 8 ], 


Procedure Tested 

Raffinose, Sucrose, Fructose |10) 

Method Ascending, one-dimensional double development in a 

trough chamber with chamber saturation. 

La yer HPTLC plates Si 50 000 (Merck); before application of 

the samples the layer was developed once in chloroform - 
methanol (50 + 50) to precleanse it and dried at 110°C for 
30 min. 

Mobile phase Acetonitrile — water (85 + 15). 

Migration distance 2 x 7 cm with 5 min intermediate drying in a stream of warm 
air. 


Running time 


2x10 min 
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Amnrone Keagent 


ZID 


Detection and result: The chromatogram was dried for 5 min in a stream of warm 
air, immersed in the reagent for 4 s and then heated to 110°C for 8 min. After 
cooling to room temperature it was immersed for 2 s in a 20% solution of dioctyl- 
sulfosuccinate in chloroform. 

In visible light raffinose (hR f 10 — 15), sucrose (hR ( 30—35) and fructose (hRf 45 — 
50) produced yellow zones on a light background, in long-wavelength UV light 
(2 = 365 nm) the zones had a red fluorescence on a pale blue background. The 
detection limits were less than 10 ng substance per chromatogram zone (Fig. 1). 

In situ quantitation: The absorption photometric scan in reflectance was made 
at X = 435 nm (detection limit 20—30 ng per chromatogram zone). Fluorimetric 
scanning was performed at 2 eic = 436 nm and 2 fl > 560 nm (detection 
limit < 10 ng per chromatogram zone). 
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Fig. 1: Fluorescence scan of a chromatogram track with 100 ng substance per chromatogram 
zone. Raffinose (1), sucrose (2), fructose (3). 
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Antimony(ill) Chloride Reagent 
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Antimony(III) Chloride Reagent 

(Carr-Price Reagent) 


Reagent for: 


• Vitamins A and D [1, 2] 


• Carotinoids [1, 2] 


• Terpenes, triterpenes [1 - 5] 


• Sterols [6] 


e.g. /9-sitosterol [7] 


• Steroids, steroid hormones [8 — 10] 


e.g. contraceptives [10] 


steroid alkaloids [11] 


• Bile acids [12] 


• Sapogenins, steroid sapogenins [2,13 —16] 


• Glycosides [1] 


e.g. steroid glycosides [2] 


digitalis glycosides [17,18] 


• Flavonoids [3] 

SbCl 3 

• Phospholipids [19] 

M x = 228.11 


Storage The solution should always be freshly made up. 

Substances Antimony(III) chloride 
Chloroform 
Carbon tetrachloride 

Reaction 

Antimony(III) chloride forms colored ^-complexes with double bond systems (e.g. 
vitamin A). 


\ / 


A 


+ SbCU 


Double bond system 



rc-Complex 


Method 

The chromatograms are freed from mobile phase, immersed in the dipping solution 
for 1 s or sprayed evenly with the spray solution and then heated to 110- 120°C 
for 5—10 min. 

Variously colored chromatogram zones are sometimes produced even before 
heating; they often fluoresce in long-wavelength UV light (A = 365 nm) 

Note: The reagent is also occasionally employed in hydrochloric acid [5, 14-16] 
or acetic acid [10] solution or with the addition of acetic anhydride [7] or sulfuric 
acid [12]. The solvents employed should be as anhydrous as possible. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and aluminium 
oxide layers. 


Preparation of Reagent 

Dipping solution Dissolve 2 g antimony(III) chloride in 50 ml chloroform. 

Spray solution Dissolve 10 g antimony(III) chloride in 50 ml chloroform or 
carbon tetrachloride. 


Procedure Tested 


Vitamin D 3 [20] 


Method 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. 
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Layer HPTLC plates Silica gel 60 (Merck). Before sample appli¬ 

cation the layers were prewashed by developing once with 
chloroform — methanol (50 + 50) and dried at 110°C for 
30 min. 


Mobile phase 
Migration distance 
Running time 


Cyclohexane — diethyl ether (40 + 20). 
6 cm 
15 min 


Detection and result: The developed chromatogram was dried in a stream of cold 
air for 15 min, then immersed in the dipping solution for 1 s and, after brief drying 
in a stream of warm air, heated to 110°C for 10 min. Vitamin D 3 (hR, 15 — 20, 
detection limit ca. 1 ng per chromatogram zone) appeared in visible light as a grey 
chromatogram zone on a white background and in long-wavelength UV light (2 = 
365 nm) as a bright red fluorescent zone on a blue background. 

The fluorescence intensity was stabilized and enhanced (ca. 2-fold) by immersion 
of the chromatogram for 1 s in a mixture of liquid paraffin - «-hexane (1 + 2). 

In situ quantitation: The fluorimetric analysis was made at A eic = 436 nm and 
An > 560 nm (Fig. 1). 


3 



Fig. 1: Fluorescence scan of a chromatogram track with 50 ng vitamin D 3 per chromatogram 
zone: by-products (1, 2), vitamin D 3 (3). 
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Antimony(V) Chloride Reagent 


Reagent for: 


• Esters of phenoxyalkanecarboxylic acids 


e.g herbicides [1] 


• Components of essential oils [2 — 4] 


• Terpenes, triterpenes [2, 5] 


• Steroids [6, 7] 


• Phenols, phenol ethers [2, 8, 9] 


• Antioxidants [9] 

SbCl 5 

• Aromatic hydrocarbons [10] 

M r = 299.02 


Preparation of Reagent 

Dipping solution Mix 2 ml antimony(V) chloride with 8 ml carbon tetrachloride. 

Storage The reagent solution should always be freshly prepared. 

Substances Antimony(V) chloride 

Carbon tetrachloride 


Reaction 


Antimony(V) chloride forms colored ^-complexes with double bond systems. 



Double bond system 



7r-Complex 


Antimonyi v j ^moriae Keagent 


Zii 


Method 

The chromatograms are freed from mobile phase, immersed in the dipping solution 
for 1 s or homogeneously sprayed with it until they begin to be transparent and 
then heated to 105 — 120° for 5—10 min. 

Variously colored chromatogram zones are produced on a colorless background; 
some of them fluoresce under long-wavelength UV light (A = 365 nm). 

Note: The solvents employed should be anhydrous. The esters of phenoxy- 
alkanecarboxylic acids (detection limits: 500 ng) [1] yield brown to violet, terpenes 
violet-grey [2] and triterpenes yellow to violet [5] colored chromatogram zones. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and aluminium 
oxide layers. 


Procedure Tested 

Essential Oil of Peppermint 

Method Ascending, one-dimensional development in a HPTLC 

trough chamber with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Dichloromethane. 

Migration distance 5 cm 

Running time 8 min 

Detection and result: The chromotograms were dried in a stream of warm air, 
immersed for 1 s in the reagent solution and dried at 120°C for 5 min. Menthol 
(hR, 15-20), cineole (hR f 20-25), menthone (hR, 35-40), menthyl acetate (hR, 
45 — 50) and menthofuran (hRf 80—85) yielded grey to brown chromatogram 
zones on a pale background, they fluoresced yellow under long-wavelength UV 
light (A = 365 nm). The detection limit for menthol was 15 ng substance per 
chromatogram zone (Fig. 1). 

In situ quantitation: The fluorimetric analysis was carried out at A eic = 365 nm and 
Af, > 560 nm (Fig. 2). 
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Fig. 1 : Fluorescence scans of a series of dilutions for evaluation of the detection limit of 
menthol: 15 ng (1), 30 ng (2), 75 ng (3), 150 ng (4), 300 ng (5). 

Fig. 2: Fluorescence scan of a chromatogram of peppermint oil: menthol (1), cineole (2), 
menthone (3), menthyl acetate (4), menthofuran/terpenes (5). 
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Berberine Reagent 



Preparation of Reagent 

Dipping solution Dissolve 10 mg berberine chloride in 100 ml ethanol. 

Storage The dipping solution may be kept for several days. 

Substances Berberine chloride 

Ethanol 


Reaction 

The mechanism of the reaction has not been elucidated. Berberine is probably 
enriched in the lipophilic chromatogram zones which then fluoresce more intensely 
than the environment. 


Method 

The chromatograms are freed from mobile phase, immersed in the reagent solution 
for 1 s or sprayed homogeneously with it and then dried in a stream of cold air. 
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Under UV light (2 = 254 nm or 365 nm) the chromatogram zones appear as pale 
yellow fluorescent zones on a weakly yellow fluorescent background. 

Note: The reagent can also be applied before chromatography e.g. by impregnating 
the layer, which should preferably be free from fluorescent indicator; it is not 
eluted by most mobile phases [4], 

The reagent can be employed on silica gel, silver nitrate-impregnated silica gel, 
carboxymethylcellulose-containing silica gel, kieselguhr and Si 50000 layers; RP 
phases are not suitable. 

Procedure Tested 

Sterols, Fatty Acids, Triglycerides, Hydrocarbons [5] 

Method Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 25 4 (Merck). 

Mobile phase n-Hexane - diethyl ether - glacial acetic acid 

(80 + 20+ 1). 

Migration distance 5 cm 

Running time 7 min 

Detection and result: The chromatogram was dried in a stream of cold air for 
5 min and immersed in the dipping solution for 1 s. Cholesterol (hR ( 10-15), 



Fig. 1: Sketch of the chromatographic separation of a mixture (G) of cholesterol (1), stearic 
acid (2), tripalmitin (3) and caryophyllene (4). 
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stearic acid ( hR ( 20 — 25), tripalmitin (hR f 45—50) and caryophyllene (hR f 90 — 
95) appeared as pale yellow fluorescent zones on a less intense yellow fluorescent 
background. The visual detection limits per chromatogram zone were 10 ng for 
cholesterol, 50 ng for stearic acid and tripalmitin and 100 ng for caryophyllene 

(Fig. 1). 

In situ quantitation: The reagent is unsuitable for in situ quantitation. 
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2,2'-Bipyridine — Iron(III) Chloride 

Reagent 

(Emmerie-Engel Reagent) 


Reagent for: 

^y—cy 

N N—^ 


• Phenols [1] 


• Vitamin E (tocopherols) [2 — 4] 

C 10 H 8 N 2 

FeCl 3 • 6H 2 0 

• Antioxidants [5] 

M r = 156.19 

M r = 270.30 

• Reducing substances 

2,2'-Bipyridine 


e.g. ascorbic acid [6] 




Preparation of the Reagent 

Solution I Dissolve 0.1 g iron(III) chloride hexahydrate in 50 ml ethanol. 

Solution II Dissolve 0.25 g 2,2'-bipyridine (a, a'-dipyridyl) in 50 ml ethanol. 

Dipping solution Mix equal quantities of solutions I and II immediately before 
use. 

Storage Solution I should be stored in the dark. 

Substances 2,2'-Bipyridine 

Iron(III) chloride hexahydrate 
Ethanol 

Reaction 

Ascorbic acid, for example, is oxidized to dehydroascorbic acid with reduction of 
the iron(III) ions. The Fe(II) ions so produced react with 2,2'-bipyridine with 
formation of a colored complex. 
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Method 

The chromatogram is freed from mobile phase in a stream of warm air and 
immersed in the reagent solution for 1 s and then dried in a stream of cold air. 
Red to reddish-brown zones are formed on a colorless background. They often 
appear immediately but sometimes they only appear after some minutes; their 
color intensity is completely developed after 30 min [1]. They can be employed for 
quantitative analysis. 

Note: The dipping reagent, which can also be applied as a spray reagent, can be 
employed on cellulose and silica gel layers. A 3% solution of 2,2'-bipyridine in 
40% thioglycolic acid can be employed as a specific spray reagent for the detection 
of iron (red coloration) [7], 


Procedure Tested 

a-Tocopherol |3] 

Method Horizontal, one-dimensional development in a linear 

chamber (Camag). 

HPTLC plates Silica gel 60 F 254 (Merck). 


Layer 
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2,2'-Bipyridine — Iron(III) Chloride Reagent (Emmerie-Engel Reagent) 


Mobile phase Toluene - chloroform (10 + 10). 

Migration distance 5 cm 
Running time 10 min 


Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air, immersed in the freshly prepared reagent mixture for 1 s and then 
dried in a stream of cold air. After a short time a-tocopherol yielded a red 
chromatogram zone on a colorless background at hR ( 35 - 40. The visual detection 
limit on the HPTLC layer was 20—25 ng per chromatogram zone. 

In situ quantitation: The plate was scanned with visible light (X = 520 nm) in the 
reflectance mode (Fig. 1). 



Fig. 1: Reflectance scan of a chromatogram of 200 ng D-a-tocopherol per chromatogram 
zone. 
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Blue Tetrazolium Reagent 



Preparation of Reagent 


Solution I Dissolve 0.5 g blue tetrazolium (3,3'-(3,3'-dimethoxy-4,4'- 

biphenylylene)-bis(2,5-diphenyl-2H-tetrazolium)-chloride) in 
100 ml methanol. 


Solution II 

Dipping solution 
Spray solution 
Storage 


Dissolve 24 g sodium hydroxide carefully in 50 ml water and 
make up to 100 ml with methanol. 

Mix equal quantities of solution I and solution II before use. 

Dilute the dipping solution with methanol in a ratio of 1 + 2. 

Each solutibn may be stored for a longer period of time in the 
refrigerator. 
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Blue Tetrazolium Reagent 


Blue tetrazolium Reagent 
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Substances Blue tetrazolium 

Sodium hydroxide pellets 
Methanol 


Reaction 


Procedure Tested 

Corticosteroids [8] 

Method Ascending, one-dimensional, double development in a 

trough chamber with chamber saturation (5 min intermedi¬ 
ate drying in a stream of warm air). 


Blue tetrazolium is transformed into the colored or fluorescent formazan by 
reducing compounds. 



Blue tetrazolium Formazan 


Method 

The developed chromatograms are either immersed briefly in the dipping solution 
or homogeneously sprayed with the spray solution. The color reaction occurs 
immediately at room temperature or on gentle heating. In general violet-colored 
zones are formed on a light background. If they are heated to 90 °C for 10 to 
20 min d 4 -3-ketosteroids exhibit rather characteristic deep yellow fluorescence 
under long-wavelength UV light (2 = 365 nm). 

Note: The reagent can be employed on silica gel, alumina, polyamide and cellulose 
layers. In the case of the latter it is to be recommended that the solutions be diluted 
1+3 with methanol. The detection limit is reported to be 0.1 to 0.5 |ig per 
chromatogram zone [5], 


Layer 

Mobile phase 
Migration distance 
Running time 


TLC or HPTLC plates Silica gel 60 F 254 (Merck). 
Chloroform — methanol (93 + 7). 

TLC:2x12 cm; HPTLC: 2 x 6 cm. 

TLC: 2 x 35 min; HPTLC: 2 x 20 min. 


Detection and result: The chromatogram was freed from mobile phase and evenly 
sprayed with reagent solution. After a short time at room temperature violet- 
colored chromatogram zones appeared for the corticosteroids tetrahydrocortisol 
( hR f 10—15), tetrahydrocortisone (hR, 15 — 20), prednisolone (hR, 15-20), 
hydrocortisone ( hR f 20 — 25), prednisone (hR f 30 — 35), cortisone (hR, 35 — 40), 
corticosterone ( hR ( 45 — 50), cortexolone (Reichstein S., hR, 50—55), 11-dehydro- 
corticosterone ( hR f 60 — 65), 11-desoxycorticosterone (hR, 75 — 80). 



A B 

Fig. 1: Separation of the corticosteroids. (A) Detection in UV light (2 = 254 nm, (B) staining 
with blue tetrazolium. Tetrahydrocortisol (1), tetrahydrocortisone (2), prednisolone (3), 
hydrocortisone (4), prednisone (5), cortisone (6), corticosterone (7), cortexolone (8), 11- 
dehydrocorticosterone (9), 11-desoxycorticosterone (10), mixture (Mi). 
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Note: In the case of HPTLC plates the detection limit for the visual recognition 
of the violet (A mal = 530 nm) colored chromatogram zones was 20 ng per 
chromatogram zone. With the exception of the two tetrahydrosteroids the cor- 
ticosteriods could be detected on TLC plates with fluorescent indicators by reason 
of fluorescence quenching (Fig. 1 A). Figure 2 illustrates the absorption scans of 
the separations illustrated in Figures 1A and 1B. 
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Fig. 2: Absorption scan of the corticosteroid mixture in Figure 1. 
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Bratton-Marshall Reagent 


Reagent for: 


• Primary aromatic amines [1 — 3] 
e.g. benzodiazepines, aminobenzophenones 

/ Vnh-ch 2 -ch 2 -nh 2 

[3-5] 

\) ■ 2 HCI 

• Sulfonamides [6 — 10] 

c 12 h 16 ci 2 n 2 

• Urea, carbamate and anilide herbicides [11] 

M r = 259.18 

• Folic acid [12] 

A-(l- Naphthyl)ethylene- 

• Dulcin [13] 

diaminedihydrochloride 


Preparation of Reagent 


Spray solution I Dissolve 1 g sodium nitrite in 20 ml water and make up to 
100 ml with a mixture of 17 ml cone, hydrochloric acid and 
83 ml ethanol [11]. 

Spray solution Ila Dissolve 1 g A-(l -naphthyl)ethylenediamine dihydrochloride 
in 10 ml water and make up to 100 ml with ethanol [11]. 

Spray solution lib Dissolve 1 g A'-( 1 -naphthyl)ethylenedianiine dihydrochloride 
in 50 ml dimethylformamide and 50 ml hydrochloric acid 
(c Ha = 4 mol/1) with warming. If the cooled solution is not 
clear it should be filtered. A pale violet coloration does not 
interfere with the reaction [4]. 


Storage Spray solutions I and Ila are only stable for a short period of 

time and, hence, should always be freshly made up [11], spray 
solution lib can be stored for several weeks in the refrigerator 

[4]. 
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Note: In the case of HPTLC plates the detection limit for the visual recognition 
of the violet (2 mal = 530 nm) colored chromatogram zones was 20 ng per 
chromatogram zone. With the exception of the two tetrahydrosteroids the cor- 
ticosteriods could be detected on TLC plates with fluorescent indicators by reason 
of fluorescence quenching (Fig. 1 A). Figure 2 illustrates the absorption scans of 
the separations illustrated in Figures 1A and 1B. 
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Fig. 2: Absorption scan of the corticosteroid mixture in Figure 1. 
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Bratton-Marshall Reagent 


Reagent for: 


• Primary aromatic amines [1 — 3] 
e.g. benzodiazepines, aminobenzophenones 

/ Vnh-ch 2 -ch 2 -nh 2 

[3-5] 

\) ■ 2 HCI 

• Sulfonamides [6 — 10] 

C 12 H 16 C1 2 N 2 

• Urea, carbamate and anilide herbicides [11] 

M r = 259.18 

• Folic acid [12] 

A-(l- Naphthyl)ethylene- 

• Dulcin [13] 

diaminedihydrochloride 


Preparation of Reagent 


Spray solution I Dissolve 1 g sodium nitrite in 20 ml water and make up to 
100 ml with a mixture of 17 ml cone, hydrochloric acid and 
83 ml ethanol [11]. 

Spray solution Ila Dissolve 1 g A-(l -naphthyl)ethylenediamine dihydrochloride 
in 10 ml water and make up to 100 ml with ethanol [11]. 

Spray solution lib Dissolve 1 g A'-( 1 -naphthyl)ethylenediamine dihydrochloride 
in 50 ml dimethylformamide and 50 ml hydrochloric acid 
(c Ha = 4 mol/1) with warming. If the cooled solution is not 
clear it should be filtered. A pale violet coloration does not 
interfere with the reaction [4]. 


Storage Spray solutions I and Ila are only stable for a short period of 

time and, hence, should always be freshly made up [11], spray 
solution lib can be stored for several weeks in the refrigerator 

[4]. 
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Bratton-Marshall Reagent 225 


Substances Sodium nitrite 

N-{ 1 -N aphthyl)ethylenediamine 
dihydrochloride 
Hydrochloric acid 32% 

Ethanol 

iV,/V-Dimethylformamide 


Reaction 

Primary aromatic amines are first diazotized and then coupled to yield azo 
dyestuffs [4], 


NH, 


C=0 



(D 


( 2 ) + 



■nh-ch 2 -ch 2 -nh 2 


A/-(1 -Naphthyl) 
ethylenediamine 


(3) 



(2) 



Note: Note that the diazotization of primary aromatic amines can also be achieved 
by placing the chromatogram for 3 — 5 min in a twin-trough chamber containing 
nitrous fumes (fume cupboard!). The fumes are produced in the empty trough of 
the chamber by addition of 25% hydrochloric acid to a 20% sodium nitrite 
solution [2, 4]. JV-(l-Naphthyl)ethylenediamine can be replaced in the reagent by 
a- or /?-naphthol [10, 14], but this reduces the sensitivity of detection [2]. Spray 
solutions Ila and lib can also be used as dipping solutions. 

A range of benzodiazepines which do not contain free aromatic amino groups are 
only able to react with Bratton-Marshall reagent after in situ hydrolysis to the 
corresponding aminobenzophenones [4]. In such cases the chromatograms are 
sprayed with 25% hydrochloric acid after being freed from mobile phase and then 
heated to 110°C for 10 min before diazotization [4]. Some benzodiazepines form 
secondary amines on hydrolysis which can be photolytically dealkylated to the 
corresponding primary amines by irradiation with UV light [4], 

Urea, carbamate and anilide herbicides, which are reported only to be detectable 
on layers containing fluorescence indicators [11], also have to be hydrolyzed, for 
example by spraying the dried chromatogram with a mixture of 60 ml cone, 
hydrochloric acid and 50 ml ethanol and then heating (10 min 180°C, covering 
the chromatogram with a glass plate) before reacting with Bratton-Marshall 
reagent. 

Folic acid is detected by irradiating the chromatogram with broad-spectrum UV 
light for 30 min before reaction with Bratton-Marshall reagent (detection limit: 
200 ng) [12], 

The detection limits for benzodiazepines, aminobenzophenones and sulfonamides 
lie in the lower nanogram range. 

The reagent can be employed on silica gel, cellulose and RP layers. 


Method 

The chromatograms are freed from mobile phase and then sprayed with spray 
solution I until the layer begins to be transparent, then dried in a stream of cold 
air for 10 min and finally sprayed again to the start of transparency this time with 
spray solution Ila or lib and dried in a stream of warm air. 

The pink to violet-colored chromatogram zones on a colorless background usually 
appear immediately. 


Procedure Tested 

Hydrolysis Products of Benzodiazepines [15] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). Before sample 

application the plate was prewashed by developing once 
with chloroform — methanol (50 + 50) and then dried at 
110°C for 30 min. 
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Bratton-Marshall Reagent 
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Mobile phase Benzene. 

Migration distance 6 cm 
Running time 15 min 

Detection and result: The chromatogram was freed from mobile phase (10 min in 
a stream of warm air) and placed for 10 min in the empty half of a twin-trough 
chamber in whose second half nitrous fumes were being generated by the addition 
of 10 drops 37% hydrochloric acid to 5 ml 20% aqueous sodium nitrite solution. 
After the nitrous fumes had cleared (3 —5 min in air, fume cupboard!) the 
chromatogram was immersed in solution Ila for 1 s and dried in a stream of cold 
air. 

(2-Amino-5-bromophenyl(pyridin-2-yl)methanone (“ABP“, deep violet, hR f < 5), 
2-amino-5-nitrobenzophenone (“ANB”, pink, hR, 15-20), 2-amino-5-chloro- 
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Fig. 1: Reflectance scan (A: scan at X = 560 nm, B: scan at A = 470 nm) of a chromatogram 
track of a mixture of 100 ng each of A BP, ANB, ACB, ACFB and ADB and 500 ng MACB 
per chromatogram zone: ABP (1), ANB (2), ACB (3), ACFB (4), ADB (5), MACB (6). 


benzophenone (“ACB”, violet, hR f 30—35), 2-amino-5-chloro-2'-fluorobenzo- 
phenone (“ACFB”, violet, hRf 35—40), 2-amino-2',5-dichlorobenzophenone 
(“ADB”, violet, hR f 40 — 50) and 5-chloro-2-(methylamino)benzophenone 
(“MACB”, ochre, hRf 60—65) appeared as colored zones on a white background. 
The detection limits per chromatogram zone were 5 ng for ABP, ANB, ACB, 
ACFB and ADB and ca. 50 ng for MACB. 

In situ quantitation: The absorption photometric analysis in reflectance was 
performed at a mean wavelength of A = 560 nm (A mai(A BP) = 580 nm, / max (anbj = 
550 nm, 7. max iacb, acfb, adb) = 560 nm, A max (macb) = 470 nm, see Fig. 1). 
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Bromocresol Green — 
Bromophenol Blue — 
Potassium Permanganate Reagent 



Br Br 

Br Br 

Reagent for: 

X 

o 

o 


• Organic acids 

Br y+T Br 


h 3 c 1 ch 3 

3 r^V-S0 3 H 

J^^so 3 h 




KMn0 4 

C 2 i H i 4 Br 4 0 5 S 

CxgH^B^OsS 

M r = 158.04 

M, = 698.04 

M r = 669.96 


Bromocresol green 

Bromophenol blue 


Preparation of the Reagent 

Solution I Dissolve 40 mg bromocresol green and 15 mg bromophenol 

blue in 100 ml ethanol. 

Solution II Dissolve 250 mg potassium permanganate and 500 mg sodium 

carbonate in 100 ml water. 

Dipping solution Mix solutions I and II to a ratio of 9 + 1 immediately before 
use. 

Storage Solutions I and II may be stored in the refrigerator for an 

extended period. The dipping solution must be employed within 
5 — 10 min of preparation. 

Substances Bromocresol green 

Bromophenol blue 
Potassium permanganate 
Sodium carbonate decahydrate 
Ethanol 
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Reaction 

The detection of acids takes place on the basis of the pH-dependent color change 
of the two indicators bromocresol green (pH range: 3.8 —5.4) and bromophenol 
blue (pH range: 3.0 —4.6) from yellow to blue. 


Method 

The chromatogram is freed from mobile phase in a stream of warm air or in the 
drying cupboard (5 min 100°C), immersed for 1 s in freshly prepared dipping 
solution or sprayed homogeneously with it and then heated to 100°C for 5 — 
10 min. This usually results in the formation of blue-green colored zones on a 
grey-blue background. 

Note: The reagent can be employed on silica gel, kieselguhr, RP and, with lower 
sensitivity of detection, on cellulose layers. The color differentiation is probably 
greater on cellulose layers [1]. A dark blue background is produced on polyamide 

layers. 


Procedure Tested 

Organic Acids |2] 

Method Ascending, one-dimensional development with chamber 

saturation. 

Layer TLC plates Silica gel 60 F 2 5 4 (Merck). 

Mobile phase Diisopropyl ether — formic acid — water (90 + 7 + 3). 

Migration distance 10 cm 
Running time 30 min 

Detection and result: The chromatogram was freed from mobile phase in the drying 
cupboard (5 min 100°C), immersed in the freshly prepared dipping reagent for 1 s 
and then heated to 100°C for 10 min. 




230 Bromocresol Green — Bromophenol Blue - Potassium Permanganate Reagent 


Even before heating all the acids rapidly appeared as blue zones on a yellow-blue 
background. After heating tartaric acid (hR ( 2—5) and malic acid (hR f 5 — 10) 
retained their color while lactic acid (hR f 30 — 35), succinic acid (hR f 35—40), 
pimelic acid (hRf 50), maleic acid (hR f 55), suberic acid (hR t 55-60), benzoic 
acid (hRf 80-85), stearic acid (hR f 85-90) and arachidic acid (hR f 85-90) 
appeared as pale yellow zones on a blue-yellow background (Fig. 1). The detection 
limits lay at 1 to 2 pg substance per chromatogram zone. 

In situ quantitation: This reagent was not suitable for direct, precise photometric 
quantitation. 



Fig. 1 : Schematic representation of the chromatographic separation of carboxylic acids. 
Maleic acid (1), pimelic acid (2), succinic acid (3), benzoic acid (4), malic acid (5), tartaric 
acid (6), lactic acid (7), stearic acid (8), arachidic acid (9), suberic acid (10), mixture (M). 
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Bromocresol Purple Reagent 


Reagent for: 

• Organic acids [1 —4] 

• Halogen anions [5] 

• Phenols [6] 

• 5-Aminodibenzo(a,d)cycloheptane 
derivatives [7] 



HtC' 


C2iH 16 Br20 5 S 
M r = 540.24 


Preparation of the Reagent 


Dipping solution I Organic acids: Dissolve 40 mg bromocresol purple in 100 ml 
50% ethanol and adjust to pH = 10.0 (glass electrode) with 
caustic soda solution (c = 0.1 mol/1) [1]. 


Dipping solution II Halogen anions: Dissolve 100 mg bromocresol purple in 
100 ml ethanol and add a few drops of 10% ammonia solution 
until the color changes. 

Storage The bromocresol solution keeps well in the refrigerator before 

basification. 

Substances Bromocresol purple 

Sodium hydroxide solution (0.1 mol/1) 

Ammonia solution (25%) 

Ethanol 


Reaction 

The pH indicator bromocresol purple changes in color from yellow to purple in 
the pH range 5.2 —6.8. 
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Method 

The chromatogram is freed from mobile phase in a stream of warm air or in the 
drying cupboard (10 min 100°C) and after cooling dipped for 1 s in dipping 
solution I or II or sprayed homogeneously with it. Then it is heated to 100°C for 
10 min. 

Organic acids yield lemon-yellow zones on a blue background [1]. Halide ions 
migrate as ammonium salts in ammoniacal mobile phases and are also colored 
yellow. The colors fade rapidly in the air. This can be delayed for some days by 
covering the chromatogram with a glass plate. 

Note: The background color depends on the pH of the layer, it is, therefore, 
affected by the efficiency of removal of acidic mobile phase components before 
staining. 

Dicarboxylic acids react more sensitively than do monocarboxylic acids. Fatty 
acids and amino acids cannot be detected. 

The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers (also 
when they are impregnated with polyethylene glycol [1]) and on cellulose layers. 

Procedure Tested 

Multibasic Carboxylic Acids [8| 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 

Layer 1. TLC plates Silica gel 60 (Merck). 

2. TLC plates Silica gel 60 (Merck) impregnated by dipping 
once in a 10% solution of polyethylene glycol 1000 in meth¬ 
anol. 

Mobile phase Diisopropyl ether - formic acid — water (90 + 7 + 3). 

Migration distance 10 cm 

Running time 30 min (silica gel layer) 

50 min (impregnated layer) 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air or in the drying cupboard (10 min 100°C), immersed in dipping 
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solution I for 1 s and then heated on a hotplate to 100°C for 15 min. Citric acid 
(hR f 0—5), lactic acid (hR, 30), phthalic acid (hR, 40 — 45), sebacinic acid (hR f 
60—65) and salicylic acid (hR f 80—85) yielded lemon-yellow chromatogram zones 
on a yellow background on silica gel layers (Fig. 1). Figure 2 illustrates a similar 
separation of other dicarboxylic acids. 

In situ quantitation: The reagent was not suitable for an exact quantitative deter¬ 
mination of acids because the background structure did not allow sensitive repro¬ 
ducible scanning. 
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Fig. 1: Separation of carboxylic acids (schematic representation). Citric acid (1), lactic acid 
(2), phthalic acid (3), sebacinic acid (4), salicylic acid (5), mixture (M). 

Fig. 2: Separation of dicarboxylic acids (reflectance scan). Start + tartaric acid (1), malic 
acid (2), phthalic acid (3), succinic acid (4), adipic acid (5), fumaric acid (6), front (7). 
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terf-Butyl Hypochlorite Reagent 


Reagent for: 


• Fatty acids, triglycerides, amino acids, 
sugars, steroids [1] 

ch 3 

• Peptides, nucleotides [2] 

H,C-C-0CI 

3 1 

• Vitamin B, [3] 

ch 3 

• Alkaloids [5] 

c 4 h 9 cio 

• Carbamazepine [4] 

M r = 108.57 


Preparation of the Reagent 

Dipping solution I Dissolve 1 ml ter /-butyl hypochlorite in 100 ml carbon tetra¬ 
chloride or cyclohexane. 

Dipping solution II Mix chloroform, paraffin oil and triethanolamine in the ratio 
of 6 + 1 + 1. 

Storage Dipping solution I may be stored in the refrigerator for a few 

days. tert-Butyl hypochlorite should be stored cool in the dark 
under an atmosphere of nitrogen. 

Caution: tert-Butyl hypochlorite is very reactive, e.g. it reacts 
violently with rubber seals particularly under the influence of 
light. 

Substances tert-Butyl hypochlorite 

Carbon tetrachloride 
Paraffin viscous 
Chloroform 
Triethanolamine 

Reaction 

The reaction mechanism has not been elucidated. 


Method 

The developed chromatogram is freed from mobile phase in a stream of warm air 
and then either immersed in dipping solution I for 1 s or sprayed homogeneously 
with it or exposed to its vapors for 15 min in a twin-trough chamber in whose 
second chamber 5 ml of dipping solution I has been placed ca. 10 min previously. 
The chromatograms are then immersed in dipping solution II for 1 s and dried in 
a stream of hot air. If derivatization is carried out by dipping, the chromatograms 
should be dried for ca. 1 min in a stream of hot air and allowed to cool to room 
temperature before the second treatment. 

There then appear, in long-wavelength UV light (2. = 365 nm), yellow to violet 
fluorescent zones on a dark background; these can be quantitatively analyzed. 

Note: The reagent can be employed on silica gel and cellulose layers. When 
derivatization is carried out from the vapor phase the detection limit for morphine 
is 10 ng and that for papaverine 1 ng per chromatogram zone [5]. In some cases 
it has been recommended that ammonium sulfate be added to the layer with 
subsequent heating to 150-180°C [1] after derivatization. It is also possible to 
spray afterwards with an aqueous solution of potassium iodide (1 %) and starch 

(i %) Pi- 


Procedure Tested 


Vitamin B t [3] 


Method 


Layer 


Mobile phase 


Ascending, one-dimensional development in a twin-trough 
chamber with chamber saturation with the layer being pre¬ 
conditioned in the solvent-free half of the trough for 15 min 
after application of the sample. 

HPTLC plates Silica gel 60 (Merck), which had been pre¬ 
washed by single development of the plate with chloro¬ 
form — methanol (50 + 50) and then dried at 110°C for 
30 min. 

Methanol — ammonia solution (25%) — glacial acetic acid 

(8 + 1 + 1 ). 


Migration distance 6 cm 


Running time ca. 20 min 
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Detection and result: The chromatogram was dried in a current of warm air and 
either immersed in reagent solution I for 1 s or placed for 15 min in a twin-trough 
chamber in whose second trough 5 ml of dipping solution I had been placed ca. 
10 min previously. If the chromatogram was derivatized by dipping it had to be 
dried for ca. 1 min in a stream of hot air and allowed to cool to room temperature. 

The chromatogram was then immersed for 1 s in reagent solution II to increase 
sensitivity and stabilize the fluorescence and then dried in a stream of hot air. 

Thiamine (hR ( 40 — 45) yielded a yellow fluorescent zone on a dark background 
under long-wavelength UV light (A = 365 nm). 

Note: Vapor-phase derivatization was appreciably more homogeneous than that 
produced by dipping and simultaneously increased both the precision and the 
sensitivity of the method. 

In situ quantitation: The fluorimetric analysis was performed in long-wavelength 
UV light (A eic = 365 nm, Af, > 430 nm). The detection limit for thiamine was less 
than 3 ng per chromatogram zone. 



Fig. 1: Fluorescence scan of 30 ng thiamine after vapor-phase derivatization (A) and an 
accompanying blank track (B). 
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7-Chloro-4-nitrobenzo-2-oxa-l,3- 
diazole Reagent 

(NBD-Chloride Reagent) 


Reagent for: 


• Prim, and sec. aliphatic amines [1 — 3] 


• Amino acids and peptides [1, 4, 5] 

o 

Vv 

• Sulfonamides [6] 

no 2 

• Alkaloids [7] 

c 6 h 2 cin 3 o 3 

• Phenols [7] 

M r = 199.55 


Preparation of Reagent 

Dipping solution I Dissolve 10 g sodium acetate in 20 ml water and dilute with 
40 ml methanol. 

Dipping solntion II Dissolve 0.1 g NBD-chloride (7-chloro-4-nitrobenzofurazan, 
7-chloro-4-nitro-2,l,3-benzoxadiazole) in 50 ml ethanol. 

Spray solution I Dissolve 2 g sodium carbonate or 5 g sodium hydroxide in 
100 ml water [6, 7], 

Spray solution II Dissolve 0.1 -0.5 g NBD-chloride in 100 mi ethanol [5], 
methanol [6] or acetonitrile [7], 

Storage All solutions may be stored for an extended period of time. 

Substances 7-Chloro-4-nitrobenzofurazan 

Sodium acetate trihydrate 
Sodium carbonate 


/-c nioro-4-mtrooenzo-z-oxa-i ,j-aiazote neagem 




Sodium hydroxide pellets 

Methanol 

Ethanol 


Reaction 

NBD-chloride reacts with nucleophilic compounds (amines, mercaptans etc.) to 
yield the corresponding 7-substituted 4-nitrobenzofurazan derivatives. 



NO, NO, 

Prim 

NBD-chloride amine Reaction product 


Method 

The dried chromatograms are immersed in dipping solution I for 1 s, dried in a 
stream of warm air, dipped immediately after cooling in dipping solution II (1 s) 
and then heated to 100°C for 2—3 min. Alternatively the chromatogram can be 
sprayed with the appropriate spray solutions. 

Under long-wavelength UV light (A = 365 nm) the chromatogram zones fluoresce 
yellow to yellow-green, they are sometimes detectable in daylight as colored zones, 
too. 

Note: The reagent can be employed for qualitative and quantitative analysis on 
silica gel and RP layers. Ammonia, amine and acid-containing mobile phases 
should be completely removed beforehand. Amino phases cannot be employed. 
The NBD-chloride reagent is not as sensitive as the DOOB reagent (qv.) on RP 
phases. 

Primary and secondary amines and phenols generally produce yellow to reddish- 
orange zones (serotonin violet) on a pale yellow background, under long-wave- 
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length UV light (2 = 365 nm) the zones fluoresce yellowish green (serotonin ap¬ 
pears as a dark zone). The plate background also fluoresces but appreciably less. 
Noradrenaline, 5-hydroxy tryptophan and dopamine yield red to blue-violet zones 
on a yellow background, they do not fluoresce*. Sulfonamides and alkaloids 
produce greenish-yellow, olive brown or violet colors. Peptides and amino acids 
(except tryptophan) yield pale yellow fluorescent zones; tryptophan and proline 
produce orange-red zones. The detection limits are 100 — 800 ng substance per 
chromatogram zone, sometimes appreciably less (cf. “Procedure Tested” [8]). 

Although the reagent itself is not fluorescent an excess of NBD-chloride can 
interfere in quantitative analysis. In such cases it should be checked whether 
prechromatographic derivatization produces better results [3, 4], The reaction 
products can then be separated on polyamide layers. 


Procedure Tested 


Proline, Hydroxyproline [8] 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough 
chamber without chamber saturation. 

HPTLC plates Silica gel 60 (Merck), which had been de¬ 
veloped once with chloroform — methanol (50 + 50) and 
dried at 110°C for 30 min before applying the samples. 

Chloroform - methanol — ammonia solution (25%) 
(100 + 90 + 20). 

7 cm 

40 min 


Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air, then immersed in dipping solution I for 1 s, dried for 90 s in a stream 
of warm air and after cooling immersed in dipping solution II for 1 s. After drying 
briefly in a stream of warm air it was heated to 110°C for 2 min and treated with 
hydrochloric acid vapor for 15 min in a twin-trough chamber (37% hydrochloric 
acid in the vacant trough). 


* Jork, H.: private communication, Universitat des Saarlandes, Fachbereich 14 “Pharmazie 
und Biologische Chemie”, D-6600 Saarbrucken 1988. 


Hydroxyproline (hR, 20—25) and proline (hR f 25 — 30) yielded orange-colored 
chromatogram zones on a pale yellow background, under long-wavelength UV 
light (A = 365 nm) they fluoresced yellow on a blue background. (Detection limits: 
ca. 5 ng substance per chromatogram zone). 

The chromatogram was then immersed for 1 s in a mixture of liquid paraffin and 
tt-hexane (1 + 2) to stabilize and enhance the fluorescence (by a factor of ca. 1.5). 
The detection limits were then ca. 1 ng substance per chromatogram zone. 

In situ quantitation: The absorption photometric measurement in reflectance was 
performed at A = 490 nm, the fluorimetric analysis at A exc = 436 nm and 
A f , > 560 nm (Fig. 1). 
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Fig. 1: Reflectance scan (A) and fluorescence scan (B) of a chromatogram track with 50 ng 
of each amino acid per chromatogram zone: hydroxyproline (1), proline (2). 
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Copper(II) Acetate — 
Phosphoric Acid Reagent 


Reagent for: 



• Prostaglandins [1 — 3] 



• /1-Sitosterol [4] 



• Polar lipids [5] 

(CH 3 COO) 2 Cu • H 2 0 

h 3 po 4 

• Phospholipids [5 — 17] 

M, = 199.65 

M r = 98.00 

• Glycolipids [9] 

Copper(II) acetate 

ortho- Phos- 

• Esters of fatty acids [18, 19] 

monohydrate 

phoric acid 


Preparation of the Reagent 

Dipping solution Dissolve 3g copper(II) acetate in 100 ml 8-15% aqueous 
phosphoric acid. 

Storage The dipping solution can be stored for long periods of time. 

Substances or;/io-Phosphoric acid (85%) 

Copper(II) acetate monohydrate 


Reaction 

The reaction mechanism has not yet been elucidated. 


The chromatograms are dried in a stream of warm air, immersed in the reagent 
solution for 2 s and then heated to 120—125 °C for 10—15 min. ^-Sitosterol 
appears as a grey-blue zone on a colorless background [4] and prostaglandins yield 
variously colored zones [2], which absorb long-wavelength UV light (A = 365 nm). 
The dipping solution can also be employed as a spray solution [11). 

Note: Phospholipids and glycolipids appear after 6—25 min [5 — 13] and esters of 
fatty acids after heating for 2 h [18] at 180°C (charring!) as grey-black zones on 
an almost colorless background. According to Touchstone [7] in the case of 
phospholipids it is only the unsaturated ones that react, while the saturated ones 
only react with the copper(II) sulfate — phosphoric acid reagent. The reagent may 
be applied to silica gel layers. 


Procedure Tested 


Prostaglandin E t [1] 


Method Horizontal, one-dimensional development in a linear cham¬ 

ber (Camag). 

Layer HPTLC plates Silica gel 60 (Merck). 

The layer was prewashed twice before application of the 
samples by developing first with cyclohexane and then, after 
drying for 30 min at 120°C, with methanol; it was finally 
activated for 30 min at 120°C. 


Mobile phase Ethyl acetate — formic acid (80 + 1). 

Migration distance ca. 5 cm 

Running time 10 —15 min 


Detection and result: The chromatogram was dried in a stream of warm air, 
immersed in the reagent solution for 2 s and then heated to 120°C for 15 min. 
Prostaglandin E t appeared as a yellow-brown zone (hR f 25 — 30) on a colorless 
background. 
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In situ quantitation: Quantitation by reflectance had to be performed as soon as 
possible, since the color intensity of a zone decreased ca. 40% within a day. 
Detection wavelength: A = 345 nm; detection limit: 2.5 ng per chromatogram zone 
(Fig. 1). 



V —-_^ A 


Fig. 1: Reflectance curve of a blank track (A) and a chromatogram (B) with 80 ng prostaglan¬ 
din E, (1), /1-front (2). 
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Copper(II) Nitrate Reagent 



Preparation of the Reagent 

Dipping solution Mix 1 m] saturated aqueous copper(lI) nitrate solution with 
0.2 ml 10% nitric acid and make up to 100 ml with 95% ethanol 
[ 11 - 

Storage The reagent can be kept for several days. 

Substances Copper(II) nitrate trihydrate 

Nitric acid (65%) 

Ethanol 

Ammonia solution (25%) 


Reaction 

The blue-violet stain which forms on thin-layer chromatograms when amino adds 
are stained with ninhydrin is only stable for a short time. It rapidly begins to fade 
even on cellulose layers. The stability can be appredably enhanced by complex 
formation with metal ions [3]. 
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Method 

The chromatograms stained with ninhydrin are immersed in the reagent solution 
for 1 s or sprayed evenly with it and then placed in the free half of a twin- 
trough chamber containing 25% ammonia solution. Apart from proline and 
hydroxyproline, which yield yellow copper complexes, all the amino acids yield 
reddish-colored chromatogram zones [3]. 

Note: The copper in the reagent may be replaced by other metal ions. Table 1 [3] 
lists the colors obtainable with some cations. 


Table 1: Colors of the metal cation complexes 


Amino acid 

Zn 2 + 

Cd 2 + 

Co 2 + 

Cu 2 + 

Proline 

yellow 

yellow 

brown 

yellow ochre 

Hydroxyproline 

grey 

yellow 

light brown 


Alanine 

brick red 

wine red 

brown 

salmon 

Glycine 

brick red 

wine red 

brown 

salmon 

Serine 

brick red 

wine red 

brown 

salmon 

Threonine 

brick red 

wine red 

brown 

salmon 

Phenylalanine 

red 

red ochre 

brown 

red ochre 

Tryptophan 

red 

orange 

brown 

red ochre 

Other amino acids 

red 

wine red 

brown 

salmon 


The copper complex is very stable at neutral pH, but it fades very rapidly in the 
presence of hydrogen ions. Other complex formers such as tartaric acid or citric 
acid and thiourea interfere with the reaction and, therefore, should not be included 
in mobile phases used for the separation of amino acids [3]. 

When staining with ninhydrin the appearance of colors of various hues on TLC 
layers with and without fluorescence indicators is probably a result of complex 
formation between the “ninhydrin zones” and the cations of the inorganic fluores¬ 
cence indicators. 

Procedure Tested 

Valine, Phenylalanine, Leucine, Isoleucine [1] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber without chamber saturation 

Layer HPTLC plates Cellulose (Merck) Before sample application 

the layers were prewashed by developing with chloroform — 
methanol (50 + 50) and then dried at 110°C for 30 min. 


Mobile phase 2-Propanol — 1-butanol — trisodium citrate solution 

(c = 0.2 mol/1 in water) (50 + 30 + 20). 

Migration distance 9 cm 

Running time 120 min 

Detection and result: After staining with ninhydrin the chromatogram was cooled 
to room temperature, immersed in the reagent solution for 1 s and after drying in 
the air it was then placed for 15 min in the empty half of a twin-trough chamber 
containing 25% ammonia solution. 

Before treatment with ammonia valine (hR, 45 — 50), isoleucine (hR f 65 — 70) and 
leucine ( hR r 70—75) produced red chromatogram zones and phenylalanine (hR f 
55 — 60) violet chromatogram zones on a pale pink background. After treatment 
with ammonia all four amino acids appeared as violet chromatogram zones on a 
flesh-colored background; these zones were stable over an extended period. 

In situ quantitation: The absorption-photometric quantitation was carried out in 
reflectance at A = 540 nm. The detection limit was 5 ng substance per chromato¬ 
gram zone. 



Fig. 1: Reflectance scan of a chromatogram track with ca. 100 ng amino acid per 
chromatogram zone. Valine (1), phenylalanine (2), isoleucine (3), leucine (4). 
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Copper(II) Sulfate Reagent 


Reagent for: 

• Di-, tri- and polycarboxylic acids [1] 

• Thioglycolic and dithioglycolic acids [2] 

• Diuretics [3] 

• Antithyroid pharmaceuticals [4] 

e.g. N-aryl-N'-benzenesulfonylthiocarbamides 

• N-Arylthiosemicarbazides [5] Cu 2 S0 4 • 5 H 2 0 

• Sterols and their esters [6] M, = 249.68 

e.g. cholesterol and cholesteryl esters 

• Metal chelates [7 — 9] 


Preparation of Reagent 

Dipping solution Dissolve 1.5 g copper(II) sulfate pentahydrate in a few milli¬ 
liters of water and make up to 100 ml with methanol. 

Storage The solution should always be freshly made up. 

Substances Copper(II) sulfate pentahydrate 

Methanol 

Reaction 

The substances listed above form colored copper complexes. 


Method 

The chromatograms are freed from mobile phase, imm ersed in the reagent solution 
for 10 s or homogeneously sprayed with it and then dried in a stream of warm air. 
Di- and tricarboxylic acids are reported to appear rapidly as blue zones on an 
evenly pale blue background [1]. On layers containing fluorescence indicators they 
can usually also be recognized under short-wavelength UV light (X = 254 nm) as 
dark spots on a green fluorescent background [1]; thioglycolic and dithioglycolic 
acids yield green-colored zones [2] and N-aryl-N'-benzenesulfonylthiocarbamides 
yield yellow to violet-colored zones [4], 

For the determination of sterols and their esters the chromatogram is immersed 
in a 10% aqueous copper(II) sulfate solution and then heated to 105 °C for 30 min. 
In this case green-yellow fluorescent chromatogram zones are visible in long- 
wavelength UV light (X = 365 nm) [6], 

Note: Silica gel, kieselguhr and polyamide layers can be used as stationary phases. 
Not all acids are stained on RP layers. Amino layers yield a pale blue background. 
The detection limits are in the pg range for carboxylic acids [1], thioglycolic and 
dithioglycolic acids [2] and for antithyroid pharmaceuticals [4]; they are about 
5 ng per chromatogram zone for sterols and steryl esters [6]. 


Table 1: List of carboxylic acids that can be detected with copper(II) sulfate reagent [1] 


Acid 

Color 

Fluorescence 
quenching 
(A = 254 nm) 

Sensitivity (pg/zone) 

TLC HPTLC 

Malonic acid 

pale blue 

4- (weak) 

20 


Succinic acid 

blue 

— 

5 


Methyl-succinic acid 

blue 

- 

10 


Adipic acid 

blue 

- 

15 

5 

Pimelic acid 

blue 

— 

5 


Suberic acid 

blue 

— 

5 


Sebacic acid 

blue 

— 

5 


Fumaric acid 

pale blue 

+ 

10 

2.5 

Maleic acid 

blue 

+ 

10 


Aconitic acid 

blue 

+ 

10 


Phthalic acid 

pale blue 

+ 

30 

20 

Terephthalic acid 

blue 

+ 

15 


x-Ketoglutaric acid 

pale blue 

+ 

25 



A mixture of 10% aqueous copper(II) sulfate solution and 25% ammonia solution 
(100 + 15) is recommended as spray solution for the detection of diuretics. 
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Procedure Tested 


Organic Acids |1] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. 

TLC aluminium sheets, TLC plates. Silica gel 60 F 254 
(Merck). 

Diisopropyl ether - formic acid - water (90 + 7 + 3). 

10 cm 
40 min 


Detection and result: The TLC plate was dried in the air for 30 min and heated to 
110 °C for 10 min in order to remove the formic acid from the mobile phase, before 
immersing the chromatogram in the reagent solution for 10 s. 

Tartaric acid (hR f 5), malic acid (hR, 15), maleic acid (hR, 35), lactic acid (hR, 40, 
adipic acid ( hR f 45) and fumaric acid (hR, 55) yielded blue zones on a weakly 
bluish background; these were still to be recognized unchanged after several weeks. 

In situ quantitation: The quantitation (Fig. 1, succinic acid) was performed in 
reflectance with visible light (A = 690 nm). 
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Fig. 1: Absorption scans of a range of dilutions of succinic acid [1], 



i,0-vu>romoqumone-4-cmoroimiae Keagent 


253 


2,6-Dibromoquinone-4-chloroimide 

Reagent 

(Gibbs’ Reagent) 


Reagent for: 

• Phenols [1 — 3, 5] 
e.g. vitamin B 6 [1, 3] 

• Cumarins [15] 

• Thiol and thione compounds [4, 5] 

• Antioxidants [6] 

• Prim, and sec. aliphatic amines [7] 

• Prim., sec. and tert. aromatic amines [7] 

• Carbazoles and aromatic hydrocarbons [7] C 6 H 2 Br 2 ClNO 

• Indoles and other N-containing heterocyclics [7] M r = 299.36 

• 2,4-Pentanedione [7] 

• Pesticides [8, 9, 13] 

• Antiepileptics [10, 11] 

• Barbiturates [10] 



Preparation of the Reagent 

Dipping solution Dissolve 0.1 g 2,6-dibromoquinone-4-chloroimide in 10 ml 
dimethyl sulfoxide saturated with sodium hydrogen carbonate. 
Then make up to 100 ml with chloroform. 

Spray solution Dissolve 0.4 to 1 g 2,6-dibromoquinone-4-chloroimide in 
100 ml methanol or ethanol and filter if necessary. 


Storage The solutions may be stored in the refrigerator for ca. 2 weeks 

[3], 

Care: 2,6-dibromoquinone~4-chloroimide can decompose ex¬ 
plosively [9]; so only small amounts should be stored in the 
refrigerator! 

Substances 2,6-Dibromoquinone-4-chloroimide 

Sodium hydrogen carbonate 
Dimethyl sulfoxide (DMSO) 

Chloroform 

Methanol 

Ethanol 


Reaction 

2,6-Dibromoquinone-4-chloroimide, in whose stead 2,6-dichloroquinone-4-chlo- 
roimide (q.v.) may also be employed, reacts primarily with phenols and anilines 
which are not substituted in the /^-position. 





Method 

The chromatogram is dried in a stream of cold air, heated to 110°C for 10 min, 
cooled and immersed in the dipping solution for 5 s or sprayed with spray solution 
and finally heated to 110°C for 2 min. 

Note: If the spray solution or a nonbasic dipping solution [2] is employed for 
detection then it is advisable to spray again with a 10% aqueous sodium carbonate 
solution. The necessary basicity can also often be achieved by placing the treated 
chromatogram in a twin-trough chamber whose second trough contains 5 ml 
ammonia solution (25%). 

In general no warming is necessary to produce the colored zones: pyridoxine is 
colored intense blue, pyridoxamine violet and pyridoxal dark blue [1, 3]. Phenols 
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that are substituted in the /^-position exhibit characteristic color differences. Thiol 
compounds and substances containing sulfhydryl groups yield yellow zones, while 
thiones are colored red. Thiourea appears as a brown zone on a light background 
[4]. 

In some cases, e.g. the detection of antioxidants [6], the plate is heated to 105 °C 
for 5 min after being sprayed and the still hot plate placed immediately in an 
ammonia-vapor chamber. The blue color of the tryptamine derivatives is also 
stabilized by spraying afterwards with a 5% methanolic ammonia solution [12]. 

The sensitivity of detection is usually between 0.2 and 0.5 pg per chromatogram 
zone. This is also true for pesticides based on organophosphorus acids [9], 

The reagent can be employed on silica gel, cellulose and polyamide layers. 


Procedure Tested 

Antiepileptics, Barbiturates |10] 

Method Ascending, one-dimensional development in a trough 

chamber. After sample application the HPTLC plates were 
equilibrated in a conditioning chamber at 42% relative 
humidity for 30 min and then developed immediately. 

Layer HPTLC plates Silica gel 60 (Merck) which were prewashed 

by developing three times in chloroform - methanol (50 + 
50) and drying at 110°C for 30 min. 

Mobile phase Chloroform — acetone (80 + 15). 

Migration distance 7 cm 
Running tune 20 min 

Detection and result: The chromatogram was freed from mobile phase (first dried 
for 5 min in a stream of cold air, then heated for 10 min at 110°C and allowed to 
cool), immersed for 5 s in the reagent solution and finally heated for 2 min at 
110°C. Grey to grey-blue zones were formed on a light background. The following 
hR f values were obtained: primidone (hR f 10-15); carbamazepine (hR f 40 — 
45); phenytoin (hR f 50 — 55); phenobarbital (hR f 60); ethosuximide (hR f 75); 
hexobarbital ( hR f 90-95). 
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In situ quantitation: Reflectance measurements were carried out at a wavelength 
of k = 429 nm. The detection limit lay at 50 to 200 ng per chromatogram zone 
(Fig. 1). 



Fig. I: Reflectance scan of a blank (A) and of a mixture of antiepileptics with 500 ng 
substance per chromatogram zone (B). Start (1), primidone (2), carbamazepine (3), phenytoin 
(4), phenobarbital (5), ethosuximide (6), hexobarbital (7) and solvent front (8). 
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2,6-Dichlorophenolindophenol 

Reagent 

(Tillmans’ Reagent) 


Reagent for: 

Cl 

• Organic acids [ 1 , 2] 

0=^ ^>=N Na + 

• Reductones 

Cl 

e.g. ascorbic acid (vitamin C) [2, 3] 

C 12 H 6 Cl 2 NNa0 2 

M r = 290.09 


Preparation of the Reagent 

Dipping solution Dissolve 40 mg 2,6-dichlorophenolindophenol sodium in 
100 ml ethanol. 

Spray solution Dissolve 100 mg 2,6-dichlorophenolindophenol sodium in 

100 ml ethanol [1, 2], 

Storage The reagent solutions may be stored in the refrigerator for 

several weeks. 

Substances 2,6-Dichlorophenolindophenol sodium salt 
Ethanol 


Reaction 

Organic acids convert the blue mesomerically stabilized phenolate anion to the 
red undissociated acid. Reductones (e.g. ascorbic acid) reduce the reagent to a 
colorless salt. 


Organic acids: 



blue 


colorless 


Method 

The chromatograms are freed from mobile phase, immersed in the dipping solution 
for 1 s or sprayed evenly with the spray solution and heated to 100°C for 5 min. 
Carboxylic acids yield red-orange zones and reductones colorless zones on a blue- 
violet background. 

Note: Acids contained in the mobile phase must be completely removed otherwise 
pale violet zones will be produced instead of the red-orange zones on a violet 
background. If heating is prolonged the pink color of keto acids changes to white 
[1]. The colored zones of the carboxylic acids appear sharper if the chromatograms 
are exposed to an atmosphere of ammonia for a few seconds after heating [1]. 
Ascorbic and dehydroascorbic acids can also be detected fluorimetrically if the 
chromatogram is immersed after heating in liquid paraffin — n-hexane (1 + 2). In 
long-wavelength UV light (A = 365 nm) they appear as green fluorescent zones on 
a dark background [3]. 
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The reagent can be employed on silica gel, kieselguhr. Si 50 000, cellulose and 
polyamide layers. 


Procedure Tested 


Organic Acids |4) 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough 
chamber with chamber saturation. 

TLC plates Silica gel 60 (Merck). 

Diisopropyl ether — formic acid — water (90 + 7 + 3). 

10 cm 

30 min 


Detection and result: The chromatogram was freed from mobile phase, immersed 
for 1 s in the dipping reagent and then heated on a hotplate at 100°C for 5 min. 


The carboxylic acids tartaric acid ( hR f 15 — 20), malic acid (hR s 25 — 30), lactic acid 
(hR f 45 — 50), succinic acid (hR { 60 — 65), fumaric acid (hR f 80) and stearic acid 
(hR f 95—100) yielded orange-red zones on a violet background. 

In situ quantitation: The photometric evaluation was carried out at A = 600 nm. 
The detection limits of the acids were at 200 - 500 ng per chromatogram zone 
(Fig. 1). 
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Fig. 1: Absorption scan of a chromatogram with 10 gg (!) per chromatogram zone of the 
carboxylic acids tartaric acid (1), malic acid (2), lactic acid (3), succinic acid (4), fumaric acid 
(5), stearic acid + front (6). 



2,6-Dichloroquinone-4-chloroimide 

Reagent 


Reagent for: 


• Phenols [1 — 3, 6] 


e.g. vitamin B 6 


• Antioxidants [2—4] 


• Prim, and sec. aliphatic amines [5] 

C K 

• Prim., sec. and tert. aromatic amines [5] 

0=/ V=NCI 

• Carbazoles and aromatic hydrocarbons [5] 

) —' 

Cl 

• Indoles and other N-containing 

c 6 h 2 ci 3 no 

heterocyclics [5] 

M t = 210.45 

• 2,4-Pentandione [5] 


• Pharmaceuticals [7] 


e.g. barbiturates, amphetamines, diuretics, 


antihistamines, narcotics etc. [7] 


• Phenoxyacetic acid herbicides [8, 9] 



Preparation of Reagent 

Dipping solntion Dissolve 0.1 g 2,6-dichloroquinone-4-chloroimide in 10 ml 
dimethyl sulfoxide saturated with sodium hydrogen carbonate. 
Finally make up to 100 ml with chloroform. 

Spray solution Dissolve 1 to 2 g 2,6-dichloroquinone-4-chloroimide in 100 ml 
ethanol [5, 6, 11] or toluene [8, 9] and filter, if necessary. 
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Storage The solutions should always be freshly made up. 

Caution: 2,6-dichloroquinone-4-chloroimide can decompose 
exothermically (5); it should, therefore, only be stored in small 
quantities in the refrigerator! 

Substances 2,6-Dichloroquinone-4-chloroimide 

Sodium hydrogen carbonate 
Dimethyl sulfoxide (DMSO) 

Chloroform 

Ethanol 


Reaction 

2,6-Dichloroquinone-4-chloroimide, which can be replaced by 2,6-dibromoqui- 
none-4-chloroimide (qv.) reacts preferentially with phenols and anilines which are 
not substituted in the /^-position [2]. 



Cl Cl 

Phenol 2,6-Dichloroquinone- Reaction product 

4-chloroimide 


Uric acid couples with 2,6-dichloroquinone-4-chloroimide in position N-7 to yield 
a yellow dyestuff. 



Uric acid 2,6-Dichloroquinone- Yellow reaction 
4-chloroimide product 
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Method 

The chromatogram is dried in a stream of cold air and heated to 110 °C for 10 min, 
after cooling it is immersed in the reagent solution for 5 s or sprayed with it and 
then heated to 110°C for 2 min. 

Note: If the spray solution or a nonbasic dipping solution is employed for detection 
then it is advisable to spray afterwards with a 10% aqueous solution of sodium 
carbonate or a 2% solution of borax in ethanol — water (1 + 1). It is often possible 
to achieve the required basicity by placing the chromatogram in a twin-trough 
chamber one of whose troughs contains 5 ml 25% ammonia. This is not suitable 
for the Chiralplate® (Macherey-Nagel) because in this case the plate background 
acquires a dark violet coloration. 

In general chromatogram zones of differing colors are formed even without 
warming. Thus, gallates produce brown zones, butylhydroxytoluene orange ones 
and butylhydroxyanisole blue ones on a light background [11]. The detection 
sensitivity is usually between 0.2 and 0.5 pg substance per chromatogram zone; 
o-phenylphenol and cephaeline can be detected 10 times more sensitively. Despite 
its free amino group serotonin does not produce a coloration [1]. 

The reagent can be employed on silica gel, kieselguhr. Si 50 000, NH 2 , cellulose 
and polyamide layers. 


Procedure Tested 


Isoquinoline Alkaloids [12] 


Method 

Layer 

Mobile phase 
Migration distance 
Running tune 


Ascending, one-dimensional double development in a 
trough chamber with chamber saturation. 

HPTLC plates Silica gel 60 (Merck). 

Chloroform — methanol (15 + 5). 

2 x 5 cm 

2x12 min 


Detection and result: The chromatogram was dried for 5 min in a stream of warm 
air, immersed in the dipping solution for 5 s and then heated to 110°C for 2 min . 


Cephaeline (hR f 40 — 45) produces a blue color spontaneously immediately on 
immersion, while emetine ( hR f 60—65) only does so on heating; on storage this 
color slowly changes to brown (background light brown). The detection limits for 
both substances are ca. 10 ng per chromatogram zone. 

In situ quantitation: The absorption photometric analysis was made at X = 550 nm 
(Fig. 1). 
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Fig. 1: Absorption scans of the pure substances (ca. 500 ng of each) cephaeline and emetine 
(A) and an extract of Ipecacuanhae Radix (B): cephaeline (1), emetine (2). 
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2,5-Dimethoxytetrahydrofuran - 
4-DimethylaminobenzaIdehyde 
Reagent 


Reagent for: 


H 

l^° 

9 

• Primary amines [1] 

r~\ 

6 

• Amino acids [1] 

CHjO^+f'OCHj 

y 

• Benzodiazepines [1] 


h 3 c' v ch 3 

• Panthenol [1] 

c 6 H 12 o 3 

C 9 H n NO 


M r = 132.16 

M r = 149.19 


2,5-Dimethoxy- 

4-Dimethylamino- 


tetrahydrofuran 

benzaldehyde 


Preparation of the Reagent 

Dipping solution I Mix 1 ml 2,5-dimethoxytetrahydrofuran with 99 ml glacial 
acetic acid [1] or ethyl acetate — glacial acetic acid (95 + 5). 

Dipping solution II Dissolve 2 g 4-dimethylaminobenzaldehyde in 100 ml of a 
mixture of glacial acetic acid and 32% hydrochloric acid 
(85 + 15). 

Storage Dipping solution I may be kept for several days and dipping 

solution II for several weeks at room temperature. 

Substances 2,5-Dimethoxytetrahydrofuran 

4-Dimethylaminobenzaldehyde 
Acetic acid (glacial acetic acid) 

Hydrochloric acid (32%) 

Ethyl acetate 
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Reaction 

Dimethoxytetrahydrofuran forms pyrrole derivatives with primary amines, these 
derivatives then condense with 4-dimethylaminobenzaldehyde in acid milieu to 
yield colored products [1]: 



Method 

The chromatogram is freed from mobile phase in a stream of warm air, dipped in 
dipping solution I for 3 s, then heated to 120 °C for 5-10 min, cooled to room 
temperature and then immersed in dipping solution II for 3 s. The final drying of 
the chromatogram should take place in a stream of cold air in order to avoid 
strong background coloration. 

Red-violet chromatogram zones on a weakly ochre-colored background are 
yielded within a few seconds (< 30 s) on silica gel layers. 

Note: Traces of ammonia left by the mobile phase should be completely removed 
from the chromatograms before the reagent is applied in order to avoid strong 
background coloration. The dipping solutions may also be applied as spray solu¬ 
tions. Secondary amines, amides, pyrimidines and purines do not react with the 
reagent [1], In the case of benzodiazepines only those substances react which 

contain the structural element R—, such as, for example, diazepam or 

/CH 2 
-C = N X 
I 
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nitrazepam; other benzodiazepines, such as, for example, chlorodiazepoxide or 
medazepam do not react [I], The detection limits are at 5 — 50 ng for amino 
acids and benzodiazepines and at 500 ng substance per chromatogram zone for 
panthenol [1], 

The reagent can be applied to silica gel, kieselguhr. Si 50 000, RP and CN layers. 
The detection sensitivity is reduced by a factor of 100 on cellulose layers; NH 2 
layers are not suitable, as would be expected. 

Occasionally, instead of dipping solution I it may be advisable to employ the 
following alternative dipping solution la mixed with citrate buffer in order to 
increase the detection sensitivity (e.g. with nitrazepam) [1], 

Dipping solution la: Mix 1 ml 2,5-dimethoxytetrahydrofuran with 99 ml glacial 
acetic acid — citrate buffer, pH = 6.6 (1 + 2). 

Citrate buffer solution: Dissolve 210 g citric acid in 400 ml caustic soda solution 
(c = 5 mol/1) and make up to 1 1 with water. Mix 530 ml of this solution with 
470 ml caustic soda solution (c = 1 mol/1) and adjust to pH 6.6 with caustic soda 
solution or citric acid [1]. 

Procedure Tested 

Amino acids [2] 

Method Ascending, one-dimensional development in a trough 

chamber with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase 2-Propanol — glacial acetic acid — water (16 + 3 + 3). 

Migration distance 5 cm 

Running time 55 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air, immersed in reagent solution I for 3 s, heated to 120°C for 5 —10 min, 
cooled to room temperature and finally immersed in reagent solution II for 3 s. It 
was then dried in a stream of cold air. 

Glycine (hR ( 20—25), DL-alanine (hR f 30—35), DL-valine (hR, 45 — 50) and 
L-leucine (hR f 55 — 60) yielded red-violet chromatogram zones on a pale yellow 
background. The detection limits for these amino acids were 5 ng substance per 
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chromatogram zone. With the exception of glycine the detection sensitivity was 
greater than with ninhydrin reagent. 

In situ quantitation: Direct quantitative analysis was performed in reflectance at 
X = 580 nm (Fig. 1). 



Fig. 1: Scanning curve of a chromatogram track with 100 ng per chromatogram zone of the 
amino acids glycine (1), alanine (2), valine (3), leucine (4). 
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4-Dimethylaminocinnanialdehyde — 
Hydrochloric Acid Reagent 

Reagent for: 

• Primary amines [1, 2, 9] 

• Hydrazines [3] 

CH 3 __ 

• Indoles [4, 5,13 —15] ^n— i ( V-ch=ch-cho 

CH 

• Organoarsemc compounds [6] 3 

• Urea [7, 8] and thiourea derivatives [9] CuH 13 NO HC1 

• Biotin [7] M r = 175.23 M x = 36.46 

• Sulfonamides [10] 4-Dimethylamino- 

• Pyrroles cinnamaldehyde 

Preparation of the Reagent 

Dipping solution Dissolve 0.5 g 4-dimethylaminocinnamaldehyde in 50 ml hy¬ 
drochloric acid (c = 5 mol/1) and make up to 100 ml with 
ethanol. 

Spray solution Dilute the dipping solution 1 + 1 with ethanol for spraying. 

Storage Both solutions may be stored for several days in the refrigerator. 

Substances 4-Dimethylaminocinnamaldehyde 

Ethanol 

Hydrochloric acid 5 mol/1 Combi-Titrisol 

Reaction [11] 

4-Dimethylaminocinnamaldehyde reacts with primary amines to form colored or 
fluorescent Schiff’s bases (I). Pyrroles react with the reagent to form colored or 
fluorescent condensation products (II): 
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H 

I 

H=CH-C=N-R 




The chromatogram is freed from mobile phase and dipped in the dipping solution 
for 1 s or uniformly sprayed with spray solution and then heated to 100 °C for ca. 
10 min. Colored zones are produced on a colorless to yellow background, after 
being left in the air for ca. 5 min they fluoresce greenish-yellow under long- 
wavelength UV light (2 = 365 nm). 

Note: Sulfuric acid (4%) can also be employed in place of hydrochloric acid [3]. 
If ammoniacal mobile phases are employed the ammonia should be removed 
completely (e.g. heat to 105°C for 10 min) before dipping or spraying; otherwise 
background discoloration can occur. The addition of titanium(III) chloride to the 
reagent allows also the staining of aromatic nitro compounds [6], 

Aminoglycoside antibiotics and ^-substituted indoles are stained red. Pyrrole 
derivatives with free /(-positions react at room temperature to yield blue-colored 
zones [11]. Exposure to the vapors of aqua regia deepens the colors. This reaction 
sometimes produces fluorescence [3]. The detection limit for monomethylhydrazine 
is 200 pg per chromatogram zone [3]. 

Silica gel, cellulose [3, 13] and ion exchanger layers are amongst the stationary 
phases that can be employed. 


Procedure Tested 


Gentamycin Complex [1, 12] 

Ascending, one-dimensional development at 10 —12 °C in a 
twin-trough chamber with 5 ml cone, ammonia solution in 
the trough containing no mobile phase (chamber saturation 
15 min). 


Method 


4-Dimethylaminocmnamaiaenyae — tiyarocntoric Acia reagent 


z/i 


Layer HPTLC plates Silica gel 60 (Merck), prewashed by triple 

development with chloroform — methanol (50 + 50) and 
drying for 30 min at 1 10°C. 

Mobile phase Chloroform — ethanol — ammonia solution (25%) 

(10 + 9 + 10); the lower organic phase was employed. 

Migration distance 5 cm 

Running time 20 min 

Detection and result: The chromatogram was freed from mobile phase (NH 3 !) in 
a stream of cold air for 45 min. It was then immersed in the dipping solution for 
1 s and heated to 100°C for ca. 20 min. The chromatograms could be further 
treated with ammonia vapor if a colored background was found to be troublesome. 
The pale red zones then became bright red spots and the background frequently 


3 



Fig. 1: Absorption scan of a chromatogram track (A) of a gentamycin standard (600 ng 
gentamycin C complex) and of an accompanying blank (B). Start (1), gentamycin C] (2), 
gentamycin C 2 and C 2 , (3), gentamycin C la (4), solvent front (5). 

Fig. 2: Fluorescence scan of a gentamycin C complex. Peak order and amount applied as in 
Figure 1. 
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acquired a strong yellow coloration. Greenish-yellow fluorescent zones appeared 
after allowing to lie in the air for ca. 5 min. 

In situ quantitation: Gentamycins could be both absorption photometrically and 
fluorimetrically quantitated. 

The absorption scans were made at a wavelength of X = 505 nm (Fig. 1). The limi t 
of detection was 100 ng gentamycin C complex. The best conditions for fluorimetric 
determination (Fig. 2) were excitation at A eic = 313 nm and detection at 
in > 390 nm. 
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2,4-Dinitrophenylhydrazine Reagent 


Reagent for: 


• Free aldehyde and keto groups [1 — 3] 
e.g. in aldoses and ketoses 

• o- and m-Dihydroxybenzenes, 
dinitrophenols [1] 

• Dehydroascorbic acid [4] 

• Alkaloids [5, 6] 

• Zearalenone [7, 8] 

• Flavonoids 

e.g. silymarin, silydianine [9] 

• Phospholipids [10] 

• Prostaglandins [11,12] 

• Valepotriates [13] 



no 2 


c 6 h 6 n 4 o 4 

M r = 198.14 


Preparation of the Reagent 

Dipping solution Dissolve 75 mg 2,4-dinitrophenylhydrazine in a mixture of 
25 ml ethanol arid 25 ml or/rio-phosphoric acid (85%). 

Spray solution Dissolve 100 mg 2,4-dinitrophenylhydrazine in a mixture of 
90 ml ethanol and 10 ml cone, hydrochloric acid. 

Storage Both solutions may be stored for several days in the refrigerator. 

Substances 2,4'-Dinitrophenylhydrazine 
Hydrochloric acid (32%) 

Hydrochloric acid (0.5 mol/1) 

Ethanol 

orf/zo-Phosphoric acid (85%) 
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2 ,4-DinitropHenylhydrazine Reagent 


2,4-Umitropnenyinyarazme Reagent 


Z/Z> 


Reaction 

2,4-Dinitrophenylhydrazine reacts with carbonyl groups with the elimination of 
water to yield hydrazones (I) and with aldoses or ketoses to yield colored osazones 
(II). 


I: 


nh-nh 2 + o=c; 


R 1 


NO, 


n r2 - H 2 o 


> o 2 n- 


R 1 


NH—N=C 


NO, 


S R 2 


II: 


H-C-OH + 3 H 2 N-NH N0 2 - 

R 

NO, 



2 H 2 o 
NH, 


NO, 


NO, 


C=N-NH 


;=n-hn- 





NO, 





NO, 


NO, 


NO, 


Method 

The chromatogram is freed from the mobile phase in a current of warm air (2 to 
10 min), immersed in the dipping solution for 2 s or sprayed evenly with the spray 
solution and then dried in a stream of warm air (or 10 — 20 min at 110°C). 

Substances containing aldehyde or keto groups yield yellow to orange-yellow 
chromatogram zones on an almost colorless background [1,11]. Silymarin appears 
red-blue and silydianine ochre-colored [9]. 

Note: The spray reagent can be made up with sulfuric acid instead of hydrochloric 
acid [9], In contrast to other prostaglandins containing carbonyl groups which 
yield yellow-orange colored chromatogram zones, some of them without heating, 
6-oxo-PGF, does not react even when heated [11], 

The reagent can be employed on silica gel and cellulose layers. 

Procedure Tested 

Dehydroascorbic Acid [4| 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 


Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase Acetone — toluene - formic acid (60 + 30 + 10). 

Migration distance 6 cm 
Running time 11 min 

Detection and result: The chromatogram was freed from mobile phase in a current 
of warm air (2 min), immersed in the reagent solution for 5 s and dried in a current 
of warm air or at 110°C for 10 min. 

Dehydroascorbic acid (hR f 45 - 50) appears as a yellow zone on a colorless back¬ 
ground. 

The detection limit for dehydroascorbic acid is 10 ng per chromatogram zone. 

In situ quantitation: The quantitative analysis is performed by measuring the 
absorption of the chromatogram zone in reflectance at X = 440 nm (Fig. 1). 


J 



Fig. 1: Absorption scan of a chromatogram containing 200 ng dehydroascorbic acid per 
chromatogram zone. 
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Diphenylboric acid-2-aminoethyI 
Ester Reagent 

(Flavone Reagent According to Neu) 


Reagent for: 

• Flavonoids [1 — 16, 21] 

• Penicillic acid [17, 18] 

• Carbohydrates [19] 
e.g. glucose, fructose, lactose 

• Anthocyanidines [20] 

• Hydroxy- and methoxycinnamic acid [20] M, = 225.10 



C 14 H 16 BNO 


Preparation of the Reagent 

Dipping solution Dissolve 1 g diphenylboric acid-2-aminoethyl ester (diphenyl- 
boric acid /?-aminoethyl ester, diphenylboryloxyethylamine, 
“Naturstoflreagenz A”, Flavognost®) in 100 ml methanol. 

Storage The reagent solution may be kept for several days in the refrige¬ 

rator. However, it should always be freshly prepared for quanti¬ 
tative analyses. 

Substances Naturstoflreagenz A 

Methanol 


Reaction 

Diphenylboric acid-2-aminoethyl ester reacts to form complexes with 3-hydroxy- 
flavones* with bathochromic shift of their absorption maximum. 

* Hohaus, E.: Private communication. Universitat-GH Siegen, Analytische Chemie, D-5900 

Siegen, 1987. 
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Method 

The chromatograms are heated to 80 °C for 10 min and allowed to cool in a 
desiccator for 10 min, they are then immersed in the dipping solution for 1 s or 
sprayed with it, dried in a stream of warm air for ca. 1 min and stored in the 
desiccator for 15 min. Finally, they are immersed for 1 s in a solution of liquid 
paraffin — n-hexane (1 + 2) to stabilize the fluorescence and — after drying for 
1 min in a stream of warm air — irradiated for ca. 2 min with intense long- 
wavelength UV light (/l = 365 nm). 

Substances are produced with a characteristic fluorescence in long-wavelength UV 
light (/ = 365 nm). 

Note: A 5% solution of polyethylene glycol 4000 in ethanol can be sprayed 
onto the chromatogram [2, 4] for the purpose of increasing and stabilizing the 
fluorescence instead of dipping it in liquid paraffin — n-hexane (1 + 2). If this 
alternative is chosen the plate should not be analyzed for a further 30 min since it 
is only then that the full intensity of the fluorescence develops [6], 

In order to detect penicillic acid (detection limit: ca. 5 ng) the plate is heated to 
110 C for 15 min after it has been sprayed with reagent; this causes penicillic acid 
to produce pale blue fluorescent zones [17, 18], 

In long-wavelength UV light (X = 365 nm) carbohydrates, e.g. glucose, fructose 
and lactose, yield pale blue fluorescent derivatives on a weakly fluorescent back¬ 
ground. In situ quantitation can be performed at /„ c = 365 nm and X f , = 546 nm 
(monochromatic filter M 546) [19], Further differentiation can be achieved by 
spraying afterwards with />-anisidine-phosphoric acid reagent [8], 

The reagent can be employed on silica gel, kieselguhr, cellulose, RP, NH 2 and 
polyamide-11 layers. 


Procedure Tested 


Flavonoids [21] 
Method 


Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. After application of the sam¬ 
ples but before development the layer was conditioned for 
30 min over water. 

HPTLC plates Silica gel 60 (Merck). The layer was pre¬ 
washed by developing once in methanol and then drying at 
110°C for 30 min. 


Ethyl acetate 
6 cm 
30 min 


formic acid — water (85 +10 + 15). 


Detection and result: The developed chromatogram was heated to 80°C for 15 min; 
the warm plate was sprayed first with “Flavone Reagent” (3% in methanol) 


t 



1 2 3 4 5 

Fig. 1 



Fig. 2 


Fig. 1: Chromatography of flavonoids. 1. Extract. Solidaginis; 2. Rutin — chlorogenic acid — 
isoquercitrin — quercitrin; 3. Extract. Hyperici; 4. Hyperosid — quercetin-3-arabinosid — 
hypericin — quercetin; 5. Extract. Betulae 

Fig. 2 : Fluorescence scan of a chromatogram track with 30 ng substance pier chromatogram 
zone of rutin (1), hyperoside (2), quercitrin (3) and quercetin (4). 
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and then immediately with polyethylene glycol 6000 (5% in ethanol). After drying 
at room temperature for 30 min the chromatogram was inspected under long- 
wavelength UV light (A = 365 nm). 

Colored substance zones were obtained which could be analyzed quantitatively. 
The (visual) detection limits were: hypericin 1 ng, rutin and chlorogenic acid 5 ng, 
hyperoside — quercetin 10 ng per mm chromatogram zone. The detection limits 
for densitometric analysis are between 20 and 50% of those for visual detection. 

The following hR f values were obtained: quercetin 90 — 95, hypericin 75 — 80, 
quercitrin 60 — 65, quercetin-3-arabinoside 55 — 60, isoquercitrin 45 — 50, hyper¬ 
oside 40 — 45, chlorogenic acid 30-35, rutin 20 — 25 (Fig. 1). 

In situ quantitation: The in situ fluorescence determination was carried out by 
excitation at A exc = 436 nm and detection at A n = 546 nm (monochromate filter 
M 546) (Fig. 2). 
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Diphenylboric Anhydride Reagent 

(DBA Reagent) 


Reagent for: 

a jo 

• 2-(2-Hydroxyphenyl)benztriazole 
derivatives (UV absorber in 

B-O-B ^ 

CT X) 

plastics) * 

C 24 H 20 B 2 U 

M r = 346.04 


Preparation of the Reagent 

Dipping solution Dissolve 350 mg diphenylboric anhydride (DBA) in 100 ml 
methanol. 

Storage DBA should be stored dry, cool and protected from light. The 

solution should be freshly made up every day. 

Substances Diphenylboric anhydride 

Methanol 


Reaction 

The reaction takes place with the formation of fluorescent chelates according to 
the following scheme: 

* Hohaus E.: Private communication, Universitat-GH Siegen, Analytische Chemie, D-5900 
Siegen. 1985. 
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2-(2-Hydroxy-5-methyl- DBA 

phenyl)benztriazole 

(Tinuvin P, Ciba-Geigy) 


Fluorescent reaction 
product 


Method 

The chromatogram is freed from mobile phase in a stream of warm air, immersed 
for 1 s in the reagent solution or sprayed evenly with it and dried in a stream of 
cold air. 

Yellow-green fluorescent zones are formed on a dark background in long-wave¬ 
length UV light (/ = 365 nm). 

Note: Since neither the DBA reagent nor 2-(2-hydroxyphenyl)benzotriazole are 
intrinsically fluorescent the chromatogram is not affected by interfering signals. 

The reagent can be employed, for example, on silica gel, kieselguhr and Si 50000 
layers. 


Mobile phase Carbon tetrachloride. 

Migration distance 10 cm 
Running time ca. 12 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air, immersed in the reagent solution for 1 s and dried in a stream of 
warm air. 

Under long-wavelength UV light (A = 365 nm) the 2-(2-hydroxyphenyl)-benztri- 
azoles yielded yellow-green fluorescent chromatogram zones, which were, in the 
cases of Tinuvin P (hR f 20 - 25) and Tinuvin 343 (2-[2-hydroxy-3-(l-methylpropyl)- 
5 -/ert-butylphenyl]benztriazole; hR { 45-50), suitable for quantitation. 

In situ quantitation: Quantitative determination is performed fluorimetrically 
(A exc = 365 nm, / n = 535 nm), the detection limits are 250 ng substance per 
chromatogram zone. 


Procedure Tested 

2-(2-Hydroxy-5-methylphenyl)benztriazole* 

Method Ascending, one-dimensional development in a twin-trough 

chamber with chamber saturation. 

Layer TLC plates Silica gel 60 (Merck). 


* Hohaus, E., Monien, H., Overhoff-Pelkner, A.-P.: private communication, Universitat- 
GH Siegen, Analytische Chemie, D-5900 Siegen 1985. 



Diphenylboric Anhydride - 
Salicylaldehyde Reagent 

(DOOB Reagent) 



Preparation of the Reagent 

Dipping solution Dissolve 35 mg diphenylboric anhydride (DBA) and 25 mg 
salicylaldehyde (= 2-hydroxybenzaldehyde) in 100 ml chloro¬ 
form. This results in the formation of 2,2-diphenyl-l-oxa-3- 
oxonia-2-boratanaphthalene (DOOB). 

DBA solutions should only be stored for a short time even in 
the refrigerator. On the other hand, DOOB reagent solution 
in bottles with ground-glass stoppers may be stored in the 
refrigerator for at least 2 weeks. 


Storage 
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Substances Diphenylboric anhydride 

2-Hydroxybenzaldehyde 
Chloroform 


Reaction 

The DOOB reagent, which is formed by reaction of diphenylboric anhydride with 
salicylaldehyde, yields fluorescent reaction products with primary amines [1], 



Diphenylboric 2-Hydroxybenz- DOOB reagent 

anhydride aldehyde 



DOOB reagent Amine Fluorescent 

reaction product 


Method 

The chromatogram is freed from mobile phase (stream of warm air, 15 min), 
immersed for 2 s in the reagent solution after cooling to room temperature and 
heated to 110 - 120°C for 10-20 min. The chromatogram is then briefly immersed 
in liquid paraffin - n-hexane (1 + 6) in order to enhance and stabilize the fluores¬ 
cence. 

After evaporation of the hexane blue fluorescent chromatogram zones are visible 
on a dark background under long-wavelength UV light (/. = 365 nm). 

Note: The dipping solution may also be used as spray solution [1], The reagent 
may be applied to RP layers; it is not suitable for amino phases. 
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Procedure Tested 


Netilmicin and Gentamycin-C Complex [10] 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a HPTLC- 
trough chamber with chamber saturation. 

KC8F or KC18F plates (Whatman). 

0.1 mol/1 LiCl in 32% ammonia solution — methanol 
(25 + 5). 

10 cm 

30 min 


Detection and result: The chromatogram was dried in a stream of warm air for 
15 min, cooled and immersed in the reagent solution for 2 s. It was then heated to 
110— 120°C for 10 —20 min, allowed to cool to room temperature and immersed 
for 2 s in liquid paraffin — n-hexane (1 + 6) to enhance and stabilize the fluores- 


1 
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cence. After the evaporation of the n-hexane the netilmicin and the gentamycin 
components appeared as blue fluorescent chromatogram zones on a dark back¬ 
ground under long-wavelength UV light (A = 365 nm). The same applied to neo¬ 
mycin. The detection limits were 10 ng per chromatogram zone for netilmicin and 
15 — 20 ng per chromatogram zone for the various gentamycin components. 

Note: If netilmicin is to be chromatographed alone it is recommended that the 
methanol content of the mobile phase be increased (e.g. to 23 -I- 7), in order to 
increase the value of the hR f . The detection limit for the substances in the appli¬ 
cation tested was more sensitive using DOOB reagent on RP layers than when 
NBD chloride, fluorescamine or o-phthalaldehyde were employed. The derivatives 
so formed were stable and still fluoresced after several weeks if they were stored 
in the dark. 

In situ quantitation: Quantitative analysis was performed fluorimetrically (A exc 
= 365 nm, A fl > 430 nm) (Fig. 1). 
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Fig. 1 : Fluorescence scan of a blank track (A) and of a chromatogram track (B) with 500 ng 
netilmicin and 1 pg gentamycin C complex as sample. Netilmicin (1), gentamycin C 1 (2), 
gentamycin C 2a (3), gentamycin C 2 (4), gentamycin C u (5), impurity in netilmicin (6). 
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Fast Blue Salt B Reagent 


Reagent for: 

• Phenols 

e.g. n-alkylresorcinol homologues fl] 
thymol derivatives [2] 
hydoxyanthraquinones [3] 
ratanhia phenols [4] 
cardol, anacardol [5] 
phloroglucinol derivatives [6, 7] 

• Tannins [8, 9] 

• a- and y-Pyrone derivatives 
e.g. cumarins [10] 

flavonols [11] Ci 4 H 12 C1 2 N 4 0 2 - ZnCl 2 

• Phenolcarboxylic acids [12] M r = 339.18 

• Cannabinoids [13 — 18] 

• Amines capable of coupling 
e.g. carbamate pesticides [19] 

pharmaceutical metabolites [20-22] 



Preparation of Reagent 

Dipping solution Dissolve 140 mg fast blue salt B in 10 ml water and make up 
to 40 ml with methanol. Add 20 ml of this solution with stirring 
to a mixture of 55 ml methanol and 25 ml dichloromethane. 

Spray solution I Dissolve 0.1 to 5 g fast blue salt B in water [7, 8], 70% ethanol 
[17] or acetone-water (9 + 1) [14], 


Spray solution II Caustic soda solution (c = 0.1 mol/1) 

Storage The reagent solutions should always be freshly made up and 

fast blue salt B should always be stored in the refrigerator. 

Substances Fast blue salt B 

Methanol 
Dichloromethane 

Sodium hydroxide solution (0.1 mol/1) 


Reaction 

Fast blue salt B couples best with phenols in alkaline medium, e.g. with 11-nor- 
d 9 -THC-9-carboxylic acid to yield the following red-colored product: 



11-Nor-J 8 -THC- 
9-carboxylic acid 



11-Nor-zl 9 -THC- 
9-carboxylic acid 



red-colored azo dye 
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Method 

The chromatograms are dried in a stream of warm air, then placed for 10—15 min 
in the empty half of a twin-trough chamber whose other trough contains 25 ml 
cone, ammonia solution (equilibrate for 60 min!) and then immediately immersed 
in the dipping reagent for 5 s [18] and dried for 5 min in a stream of warm air. 

Alternatively the dried chromatograms can be homogeneously sprayed with spray 
solutions I and II consecutively. 

Chromatogram zones of various colors are produced (yellow, red, brown and 
violet) on an almost colorless background. 

Note: The detection is not affected if the dipping solution exhibits a slight opal¬ 
escent turbidity. Fast blue salt BB [18] or fast blue salt RR [18,19] can be employed 
in the reagent in place of fast blue salt B. It is occasionally preferable not to apply 
spray solutions I and II separately but to work directly with a 0.1% solution of 
fast blue salt B in caustic soda solution (c= 1-2 mol/1) [13, 15] or in 0.5% 
methanolic caustic potash [3], 

A dipping solution consisting of 0.2% fast blue salt B in hydrochloric acid 
(c = 0.5 mol/l, immersion time: 30 s) has been reported for the detection of resorci¬ 
nol homologues [1], 

Detection limits of 250 ng per chromatogram zone have been reported for THC- 
11-carboxylic acid [15] and of 500 ng per chromatogram zone for carbamate 
pesticides [19], 

The reagent can be employed on cellulose, silica gel and polyamide layers [11]; 
kieselguhr, RP and Si 50 000 layers are also suitable. 

Caution: Fast blue salt B may be carcinogenic [23]. 

Procedure Tested 

THC Metabolites in Urine after Consumption of Hashish [18] 

Method Ascending, one-dimensional multiple development method 

(stepwise technique, drying between each run) in two mobile 
phase systems in a twin-trough chamber without chamber 
saturation (equilibration: 30 min at 20-22°C) at a relative 
humidity of 60 — 70%. 


Layer HPTLC plates Silica gel 60 F 2 54s (Merck) or HPTLC plates 

Silica gel 60 WRF 254s (Merck). 

Mobile phase 1 Toluene — ethyl acetate — formic acid [16 + 4 + 0.5 (0.4*)]. 

Mobile phase 2 Toluene - ethyl acetate - formic acid [17+3+0.25 (0.2*)]. 

Migration distances Eluent 1: 7.5 mm, 15.0 mm and 22.5 mm 
Eluent 2: 30.0 mm, 37.5 mm and 45 mm 

Detection and result: The chromatogram was dried in a stream of warm air for 
5 min (it is essential to remove all traces of formic acid) and then placed for 10- 
15 min in the empty half of a twin-trough chamber whose other trough contained 
25 ml cone, ammonia solution (equilibrated for 60 min!). It was immersed immedi¬ 
ately afterwards in the dipping reagent for 5 s and dried in a stream of warm air 
for 5 min. 

In visible light the chromatogram zones were red on an almost colorless back¬ 
ground (Fig. 1), they slowly turned brownish on exposure to air and appeared 



15 10 15 20 
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Fig. 1: Chromatograms of urine samples containing THC metabolites; detection with fast 
blue salt RR (A) and fast blue salt B (B). Track A! and B,: metabolite-free urines; tracks 
A , 6 and B 1S represent ca. 60 ng total cannabinoids per ml urine (determined by RIA). 


* These quantities apply to the WRF 2 5 4s layer. 
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Fig. 3 Reflectance scan of a urine free from THC metabolites (A) and one containing THC 
metabolites (B). Peak 1 corresponds to ca. 100 ng 11 -nor-/I ( *-THC-9-carbcxylic acid per ml 
urine 

under UV light on the indicator-containing layer as dark blue zones on a pale blue 
fluorescent background. 

Additional dipping in a 0.001% solution of dansyl semipiperazide or bis-dansyl 
piperazide in dichloromethane - liquid paraffin (75 + 25) stabilized the color of 
the chromatogram for a period of months. 
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Note: The alternative fast blue salt BB produced the most intensely colored 
chromatogram zones for visual analysis in daylight, while fluorescence quenching 
in UV light (A = 254 nm) was greater with fast blue salt B and fast blue salt RR 
(Figs. 1 and 2). 

In situ quantitation: The absorption photometric analysis was performed at X = 
546 nm(Fig. 3). 
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Fluorescamine Reagent 


Reagent for: 


• Primary amines, amino acids [1 — 5] 
e.g. histamine [4], sympathomimetics [ 6 ], 
catecholamines, indolamines [5], 
arylamines [7], gentamicins [ 8 ] 

0 

0 jvO 

• Peptides [2, 5] 

o 

• Secondary amines [9] 

C 17 H 10 O 4 

• Sulfonamides [10—14] 

M t = 278.27 


Preparation of the Reagent 

Dipping solution I Dissolve 10 —50 mg fluorescamine (Fluram®) in 100 ml 
acetone [2, 9, 10]. 

Dipping solution II Make 10 ml triethylamine up to 100 ml with dichloromethane 
[ 2 ]- 

Spray solution I Dissolve 1.9 g <fi-sodium tetraborate decahydrate in 100 ml 
water and adjust the pH to 10.5 with caustic soda solution. 

Spray solution II Dissolve 3.6 g rA'-sodium hydrogen phosphate dihydrate in 
100 ml water and adjust the pH to 7.5 with phosphoric acid. 
Dissolve 2.5 g taurine in this. 

Storage The dipping solutions and the spray solutions may be stored 

for at least one week in the refrigerator [ 2 ]. 

Fluorescamine 
Triethylamine 
Acetone 

Dichloromethane 


Substances 
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<A-Sodium tetraborate decahydrate 
Taurine 

di-Sodium hydrogen phosphate dihydrate 


Reaction 

Fluorescamine reacts directly with primary amines to form fluorescent products. 
Secondary amines yield nonfluorescent derivatives which can be transformed into 
fluorescent products by a further reaction with primary amines. 



Fluorescamine Fluorescent 

reaction product 


Method 

Primary amines: The chromatograms are dried for 10 min at 110°C, cooled to 
room temperature and then immersed in dipping solution I or sprayed evenly with 
it and then dried for a few seconds in the air. 

Then they are immersed in dipping solution II for 1 s or sprayed with it. 

Fluorescent blue-green chromatogram zones appear on a dark background in 
long-wavelength UV light (A = 365 nm). 

Secondary amines: The chromatograms are first freed from mobile phase and then 
sprayed evenly with spray solution I and heated to 110 J C for 15 min. 

Then they are immersed in dipping solution I or sprayed with it, stored in the dark 
for 15 min , then sprayed with spray solution II and heated to 60°C for 5 min. 
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Sulfonamides: The chromatograms are freed from mobile phase and immersed in 
dipping solution I for 1 s or sprayed evenly with it [10,11], 

After ca. 15 min green-yellow fluorescent chromatogram zones appear on a dark 
background in long-wavelength UV light (A = 365 nm). 

Note: The pre- and post-treatment of the chromatograms with the basic tri- 
ethylamine solution, which can be replaced by an alcoholic solution of sodium 
hydroxide [1,4] or a phosphate buffer solution pH = 8.0 (c = 0.2 mol/1) [5], serves 
to stabilize the fluorescence of the amino derivatives [2]. A final spraying with 
methanolic hydrochloric acid (c H ci = 5 mol/1) or 70% perchloric acid renders the 
detection reaction highly specific for histamine [4] and for catecholamines and 
indolamines [5], 

The reagent can also be employed for prechromatographic derivatization by over¬ 
spotting [6] or dipping [5]. 

The detection limit for amines and sulfonamides lies in the low nanogram range. 

The layers with which the reagent can be employed include silica gel, kieselguhr, 
Si 50000 and cellulose. 


Procedure Tested 


Primary Amines [15] 


Method 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. 


Layer 

Mobile phase 
Migration distance 
Running time 


HPTLC plates Cellulose (Merck). 

1-Butanol — glacial acetic acid — water (15 + 5 + 5). 
5 cm 
25 min 


Detection and result: The chromatogram was freed from mobile phase, immersed 
in dipping solution I for 1 s, dried briefly in a stream of cold air and then immersed 
for 1 s in dipping solution II. The layer was then dipped in a mixture of liquid 
paraffin — n-hexane (1 + 5) in order to enhance the sensitivity of the fluorescence 
by 25 — 40% and to stabilize it. 

Glycine (hR f 20-25), alanine (hR { 35 — 40), valine (hR f 55 — 60) and leucine (hR f 
65 — 70) appeared as blue-green fluorescent chromatogram zones in long-wave¬ 


length UV light (A = 365 nm); these zones could be quantitatively determined after 
15 min (Fig. 1). 

In situ quantitation: The fluorimetric determination was performed at A„ c = 
365 nm and A n > 460 nm. The detection limits were 5 — 20 ng substance per 
chromatogram zone. 
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Fig. 1 : Fluorescence scan of a chromatogram track with 200 ng of each substance per 
chromatogram zone. Glycine (1), alanine (2), valine (3), leucine (4). 
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Formaldehyde — Sulfuric Acid 
Reagent 

(Marquis’ Reagent) 


Reagent for: 

• Aromatic hydrocarbons 
and heterocyclics [1] 

• /?-Blockers 

e.g. pindolol, alprenolol, propranolol, 
oxprenolol, nadolol etc. [2, 3] 

• Alkaloids 

e.g. morphine, codeine, heroin 
6-monoacetylmorphine [4] 

• Amphetamines 

e.g. 2,5-dimethoxy-4-bromoamphetamine [5] 

• Methyl esters of fatty acids [6] H-af 

• Phenothiazines [7] 

• Tannins [8] 

• Guaifenesin [9] 


H 

ch 2 o 

M t = 30.03 
Formaldehyde 


H 2 S0 4 
M t = 98.08 
Sulfuric acid 


Preparation of Reagent 

Dipping solution Add 10 ml sulfuric acid (95 - 97%) carefully to 90 ml methanol. 
To this add 2 ml formaldehyde solution (37%). 

Spray solution Add 0.2—1 ml formaldehyde solution (37%) carefully to 10 ml 
cone, sulfuric acid [1 —3]. 
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Storage The dipping solution may be stored for ca. 4 weeks in the 

refrigerator. 

Substances Formaldehyde solution (> 37%) 

Sulfuric acid (95 — 97%) 

Methanol 


Reaction 

Morphine (1) reacts with formaldehyde in acidic solution to yield a cyclic 
ketoalcohol (2) which is transformed into the colored oxonium (3) or carbenium 
ion (4) in acidic conditions [10]. 


Variously colored chromatogram zones are formed on a pale pink background, 
some of them before heating. These zones frequently fluoresce in long-wavelength 
UV light (A = 365 nm). 

Note: The dipping reagent is to be preferred because of the strongly irritating 
effects of formaldehyde on the respiratory tract. Detection limits of ca. 10—40 ng 
have been reported for alkaloids [4] and 50 ng—1 pg for /(-blockers [2, 3]. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and aluminium 
oxide layers. 


Procedure Tested 






Method 

The chromatograms are freed from mobile phase (5 min in a stream of warm air), 
immersed in the dipping solution for 4 s or sprayed evenly with it and then heated 
to 110 C for 20 min (the methyl esters of fatty acids are heated to 140°C for 
10 min [6]). 


Morphine Alkaloids [4] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber without chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck) which had been pre¬ 

washed by developing once with chloroform — methanol 
(50 + 50) and then dried at 110°C for 20 min. 

Mobile phase Methanol - chloroform — water (12 + 8 + 2). 

Migration distance 6 cm 

Running time 20 min 

Detection and result: The chromatogram was dried in a stream of warm air for 
5 min, immersed in the dipping solution for 6 s and heated to 110°C for 20 min. 
After drying in a stream of cold air morphine (hR { 25 — 30), 6-monoacetylmorphine 
(hR ( 40 — 45) and heroin (liR ( 50 — 55) yielded reddish chromatogram zones and 
codeine ( hR ( 30—35) yielded blue chromatogram zones on a pale pink background. 

If a quantitative fluorimetric analysis was to follow the chromatogram was then 
exposed to ammonia vapor for 20 min (twin-trough chamber with 25% ammonia 
in the vacant trough) and then immediately immersed for 2 s in a 20% solution 
of dioctyl sulfosuccinate in chloroform. After drying in a stream of cold air the 
morphine alkaloids investigated appeared under long-wavelength UV light (A = 
365 nm) as pink to red fluorescent zones on a blue fluorescent background. 
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In situ quantitation: The absorption-photometric determination in a reflectance 
mode was performed at X = 330 nm (detection limit ca. 40 ng per chromatogram 
zone). The fluorimetric analysis was carried out at A exc = 313 nm and > 560 nm 
(detection limits: ca. 10 ng per chromatogram zone) (Fig. 1). 



Fig. 1: Reflectance scan (A) and fluorescence scan (B) of a mixture of alkaloids with 725 ng 
(A) and 100 ng (B) substance per chromatogram zone. Morphine (1), codeine (2), 6-mono- 
acetylmorphine (3), heroin (4). 
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Hydrochloric Acid Vapor Reagent 


Reagent for: 

• Antiepileptics 

e.g. carbamazepine [1, 2] 

primidone, phenytoin, phenylethyl- 
malonamide, phenobarbital [3] 

• Chalcones [4] 

• pH indicators 

e.g. 4-aminoazobenzene derivatives [5] 

• Digitalis glycosides [6 —10] 

e.g. acetyldigoxin [6], digoxin [7, 9] 
digitoxin [8] 

• Carbohydrates, diazepam, testosterone [11] 

• Alkaloids 

e.g. papaverrubines [12] 

• Anabolics HC1 

e.g. trenbolone [13 — 15] M r = 36.46 

• Chloroplast pigments [16] 

• Bitter principles [17] 

• Penicillic acid [18] 


Preparation of Reagent 

Reagent solution Place 10 ml cone, sulfuric acid in a twin-trough chamber and 
add 2 ml cone, hydrochloric acid dropwise and with care. 

Storage The reagent should be made up fresh daily. 
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Substances Hydrochloric acid (32%) 

Sulfuric acid (95 — 97%) 


Reaction 

The reaction mechanism has not yet been elucidated. 


Method 

Free the chromatogram from mobile phase (first in a stream of cold air for a few 
minutes, then at 100°C for 5 min), place in the free trough of the prepared twin- 
trough chamber for 5 min and then evaluate immediately in the case of chalcones 
or 4-aminoazobenzene derivatives. Digitalis glycosides and carbohydrates as well 
as diazepam and testosterone are first viewed after reheating (to 160 —165 °C for 
15 min) [6,7,11] or after irradiation with unfiltered UV light from a mercury lamp 
[8], In the case of antiepileptics the chromatogram is irradiated for 15 min with 
unfiltered UV light from a mercury lamp immediately after exposure to the HC1 
vapors and then inspected [1, 2], 

Chalcones yield orange-red to brown-colored zones [4] as do 4-aminoazobenzene 
derivatives, but their colors begin to change after 10 min and slowly fade [5], 
Penicillic acid is visible as a greyish-black zone [18]. 

Antiepileptics [3], carbohydrates, diazepam and testosterone [11] as well as digitalis 
glycosides are visible as light blue fluorescent zones on a dark background in long- 
wavelength UV light (A = 365 nm); the blue fluorescence of the digitalis glycosides 
turns yellow after irradiation with UV light [7, 8], Trenbolone fluoresces green; 
its detection limit in meat is 5 ppb [14]. 

Note: The reagent can be employed on silica gel, kieselguhr, Si 50 000 and RP 
layers [6], The fluorescence intensities of the chromatogram zones can be increased 
by dipping in a solution of liquid paraffin in hexane or chloroform [8,11], 


Procedure Tested 

Digitalis Glycosides [9| 

Method Ascending, one-dimensional double development (stepwise 

technique) in a trough chamber with chamber saturation. 


Layer HPTLC plates Silica gel 60 with concentrating zone 

(Merck). 

Application technique The samples were applied as bands (ca. 5 mm long) at right 
angles to the lower edge of the plate (that is parallel to the 
future direction of development), e.g. with the Linomat III 
(Camag). 

Mobile phase 1. Chloroform; 

2. Acetone — chloroform (65 + 35). 

Migration distance Mobile phase 1: 7 cm 
Mobile phase 2: 4 cm 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air and exposed to hydrochloric acid gas (Linde) in a Teflon autoclave 
(diameter 20 cm, height 8 cm). For this purpose the HPTLC plate was laid on a 


u 
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Fig. 2 


Fig. 1: Fluorescence scan of a mixture of digitalis glycosides. Digoxin (DG 3 ), digoxigenin 
bis-digitoxoside (DG 2 ), digoxigenin mono-digitoxoside (DGi), digoxigenin (DG). 


Fig. 2: Fluorimetric analysis of various quantities of digoxin for evaluation of the detection 
limit. 
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Teflon support with its glass side facing the gas inlet; the autoclave was evacuated 
(10 min, < 1 mbar), carefully filled with HC1 gas (1 bar) and heated to 110°C for 
15 min. After opening the autoclave the HC1 vapors were blown out with a stream 
of cold air (5 min) and the HPTLC plate was cooled to room temperature. In 
order to intensify and stabilize the fluorescence the plate was dipped in a solution 
of liquid paraffin in chloroform (30 + 70) for 15 s. 

The digitalis glycosides yielded blue fluorescent zones in long- wavelength UV 
light (A — 365 nm) (Fig. 1). 

In situ quantitation: The fluorimetric analysis was carried out in UV light (A„ c = 
365 nm, A fl > 430 nm). The detection limit for digoxin was 300 pg per zone (Fig. 2). 


Hydrogen Peroxide Reagent 


Reagent for: 


• Aromatic acids [1] 

h 2 o 2 

• Thiabendazole [2] 

M t = 34.01 
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Preparation of Reagent 


Dipping solution Acids: Make up 1 ml 30% hydrogen peroxide (Perhydrol®) to 
100 ml with water [1]. 

Spray solution Thiabendazole: Make up 3 ml 30% hydrogen peroxide to 
100 ml with 10% acetic acid [2]. 


Storage 


The reagent solutions should always be freshly made up. 


Substances Perhydrol® 30% H 2 0 2 

Acetic acid 


Reaction 

Many carboxylic acids are converted into fluorescent derivatives by oxidation and 
UV irradiation. The reaction mechanism has not been elucidated. 


Method 

The chromatograms are freed from mobile phase, immersed for 3 s in the reagent 
solution or homogeneously sprayed with it and then subjected to intense UV 
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radiation (A = 365 nm) for 30 s to 3 min while still moist [3]. Generally, after a few 
minutes, aromatic acids produce blue fluorescent chromatogram zones under long- 
wavelength UV light (A = 365 nm) [3] which are not detectable in visible light. 
Within a few minutes thiabendazole yields bright fluorescent zones on a dark 
background under long-wavelength UV light (A = 356 nm) [2]. 

Note: The dipping solution can also be sprayed on. The detection of the aromatic 
acids is best performed on cellulose layers, if ammonia-containing mobile phases 
have been employed. The reagent can also be employed on silica gel, aluminium 
oxide, RP 18 and polyamide layers. 
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Procedure Tested 


Organic Acids [1] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. 

SIL G-25 UV 254 plates (Macherey-Nagel). 

Diisopropyl ether - formic acid — water (90 + 7-1- 3). 

10 cm 

30 min 


Detection and result: The chromatogram was dried in a stream of warm air for 
10 min, immersed in the reagent solution for 3 s and then subjected to intense UV 
radiation (high pressure lamp, A = 365 nm) for up to 10 min. Terephthalic (hR f 
0 - 5), pimelic (hR { 55), suberic (hR ( 60), sebacic (hR f 65 — 70) and benzoic acids 
(hRf 70 — 75) together with sorbic, malic, adipic, citric, tartaric, lactic and fumaric 
acids only exhibited a reaction on silica gel layers at higher concentrations. 
4-Hydroxybenzoic, salicylic and acetylsalicylic acids fluoresced light blue after 
irradiation. The detection limit per chromatogram zone was 0.5 pg for salicylic 
acid and more than 5 pg for benzoic acid. 


In situ quantitation: The reagent had no advantages for the direct determination 
of the acids investigated; the determination of the intrinsic absorption or intrinsic 
fluorescences was to be preferred. 
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Method 
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Reagent for 

OH 



• Cations [1 —10] 

uCj 

• 1,4-Benzodiazepines [11] 

c 9 h 7 no 


M r = 145.16 


Preparation of the Reagent 

Dipping solution Dissolve 0.5 g 8-hydroxyquinoline in 100 ml ethyl acetate. 

Storage The solution may be kept for several days. 

Substances 8 -Hydroxyquinoline 

Ethyl acetate 
Ethanol 

Ammonia solution (25%) 


Reaction 

8 -Hydroxyquinoline forms colored and fluorescent complexes with numerous 
metal cations. 



The chromatograms are dried in a stream of warm air, immersed in the reagent 
solution for 5 s, dried in the air and then placed for 5 min in a twin-trough chamber 
whose second trough contains 5 ml 25% ammonia solution. Directly after it is 
removed the plate is viewed under UV light (A = 254 nm or 365 nm). The zones 
are mainly yellow in color; the colors of their fluorescence are listed in Table 1. 

The dipping solution can also be employed as spray reagent, in this event 60% [6], 
80% [5] or 95% ethanol [9] have been recommended in the literature. The reagent 
can be employed on silica gel, Dowex 50X4 (Na + ), cellulose and starch layers. 
The detection limit for 1,4-benzodiazapines is 100 ng per chromatogram zone [11]. 


Table 1: Colors of the 8-hydroxyquinoline complexes 


Ion 


Color 

Detection 
limit [ng] 

Daylight 

Fluorescence 
(A„c = 365 nm) 

Be 2 + 

green-yellow 

yellow 

200 

Mg 2 + 

green-yellow 

yellow 

100 

Ca 2 + 

yellow 

yellow 

500 

Sr 2 + 

yellow 

green-blue 

200 

Ba 2 + 

yellow 

blue 

500 

Sn 2 + /4 + 

yellow 

* 

* 

Cr 3 + /6 + 

black 

* 

♦ 

Fe 2 + ,3 + 

black 

purple 

* 

Al 3 + 

yellow 

yellow 

* 

Ni 3 + 

yellow 

red 

* 

Co 2 + 

yellow 

red 

* 

Cu 2 + 

yellow 

red 

* 

Bi 2 + 

yellow 

red 

* 

Zn 2 + 

yellow 

yellow 

* 

Cd 2 + 

yellow 

yellow 

* 

Hg 2 + 

yellow 

red 

* 


* = not reported 
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Procedure Tested 


References 


Alkaline Earths [4, 
Method 

Layer 

Mobile phase 
Migration distance 
Running time 


12 | 

Ascending, one-dimensional development in a HPTLC 
chamber with chamber saturation. 

HPTLC plates Cellulose (Merck). 

Methanol — hydrochloric acid (25%) (80 + 20). 

5 cm 

20 min 


Detection and result: The chromatogram was dried in a stream of warm air for 
15 min, immersed in the reagent solution for 5 s, then dried in the air and finally 
placed in an ammonia chamber for 5 min. The plate was inspected under long- 
wavelength UV light (A = 365 am) immediately after removal from the chamber. 
The separation (Fig. 1) corresponded to the order of the group in the periodic 
table: Be 2+ {hR ( 95-98), Mg 2 + (hR f 75-80), Ca 2+ (hR ( 50-55), Sr 2+ (hR { 30- 
35, slight tailing) Ba 2+ (hR f 15-20). 

The proportion of hydrochloric acid in the mobile phase was not to exceed 20%, 
so that complex formation did not occur and zone structure was not adversely 
affected. An excess of accompanying alkaline earth metal ions did not interfere 
with the separation but alkali metal cations did. The lithium cation fluoresced 
blue and lay at the same height as the magnesium cation, ammonium ions interfered 
with the calcium zone. 
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Fig. 1: Chromatographic separation of the alkaline earth cations. Mixture (G), Be 2+ (1), 
Mg 2+ (2), Ca 2+ (3), Sr 2+ (4), Ba 2+ (5). 
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Iron(III) Chloride - 
Perchloric Acid Reagent 

(FCPA Reagent) 


Reagent for: 



• Indole alkaloids [1 — 10] 



e.g. from rauwolfia [1] 



tabernaemontana [2, 7, 9] 
mitragyna [3, 4] 
strychnos [5] 
synclisia [6] 
cinchona [8] 

FeCl 3 -6H 2 0 
M r = 270.30 
Iron(III) 
chloride 

HC10 4 

M r = 100.46 

Perchloric 

acid 

• Indoles 

hexahydrate 



Preparation of the Reagent 


Solution I Mix 2 ml perchloric acid (70%) carefully into 100 ml ethanol. 

Solution II Dissolve 1.35 g iron(III) chloride hexahydrate in 100 ml etha¬ 

nol. 


Dipping solution Mix 100 ml solution I with 2 ml solution II [10]. 

Spray solution Dissolve 5 g iron(III) chloride hexahydrate in a mixture of 
50 ml water and 50 ml perchloric acid (70%). 

Storage The dipping solution may be stored for at least a week. 


Substances Iron(III) chloride hexahydrate 

Perchloric acid (70%) 

Ethanol 


Reaction 

The reagent mechanism has not yet been elucidated. 


Method 

The chromatogram is freed from mobile phase in a stream of warm air, immersed 
for 4 s in the dipping solution or sprayed evenly with the spray solution until 
just transparent, dried briefly in the air and then heated to 110—120°C for 
20 — 60 min. 

Variously colored chromatogram zones are produced on a colorless background. 
Some of the zones appear before heating; their hues, which are to a great extent 
structure-specific, change during the heating process and they not infrequently 
fluoresce under short or long-wavelength UV light (2 = 254 or 365 nm). 

Note: Indoles, that are substituted with oxygen in position 2 or 3, do not react 
[11]. The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers. 
Aluminium oxide layers are not suitable [3]. 

Danger warning: Mists of perchloric acid can condense in the exhausts of fume 
cupboards and lead to uncontrolled explosions! So dipping is to be preferred. 


Procedure Tested 

Strychnine, Brucine |I0] 

Method Ascending, one-dimensional development in a trough 

chamber without chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). The layers were pre¬ 

washed once with chloroform - methanol (1 + 1) and dried 
at 110 °C for 10 min before application of samples. 

Mobile phase Acetone — toluene — 25% ammonia solution (40+15 + 5). 
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Migration distance 5 cm 
Running time 10 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air (45 min), immersed in the dipping solution for 4 s, dried briefly in the 
air and heated to 110°C for 20 min. 

Strychnine (hR { 50-55) appeared as a red and brucine (hR f 35) as a yellow 
chromatogram zone on a colorless background. The detection limit for both 
substances was 10 ng per chromatogram zone. 

In situ quantitation: The light absorption in reflectance was measured at a wave¬ 
length X = 450 nm (Fig. 1). 


1 

i 



Fig. 1 : Reflectance scan of a nux vomica extract (A) and a reference chromatogram containing 
1 gg each of strychnine and brucine (B). Start (1), brucine (2), strychnine (3), front (4). 
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Isonicotinic Acid Hydrazide 
Reagent 

(INH Reagent) 


Reagent for: 


• d 4 -3-Ketosteroids [1 — 6] 

O 

e.g. corticosteroids, androgens, gestagens 

N 

c 6 h 7 n 3 o 

M r = 137.14 


Preparation of the Reagent 


Dipping solution Dissolve 1 g isonicotinic acid hydrazide (4-pyridinecarboxylic 
acid hydrazide, isoniazide) in 100 ml ethanol and add 500 pi 
trifluoroacetic acid [1] or 1 ml glacial acetic acid. 

Spray solution Dissolve 0.8 g isonicotinic acid hydrazide in 200 ml methanol 
and add 1 ml hydrochloric acid (25%) [6] or glacial acetic acid 
[ 2 ]. 

Storage Both solutions may be kept in the refrigerator for one week at 

4°C. 


Substances 4-Pyridinecarboxylic acid hydrazide 

Hydrochloric acid (25%) 
Trifluoroacetic acid 
Ethanol 
Methanol 


Reaction 
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Testosterone Isonicotinic acid Testosterone-iso- 

hydrazide nicotinic acid hydrazone 


Method 

The chromatograms are dried in a stream of cold air, immersed in the dipping 
solution for 20 s or sprayed evenly with spraying solution, then dried in the air 
and left for a few minutes at room temperature. 

The layer can then be dipped into liquid paraffin - n-hexane (1 + 2) to intensify 
the fluorescence [1]. 

Colored hydrazones are formed which fluoresce on a dark background in long- 
wavelength UV light (A = 365 nm). 

Note: A 4 -, A 4,6 -, A 1,4 - and d'-3-Ketosteroids react at different rates — as a 
function amongst other things of the acid strength of the reagent — so they can 
be differentiated [3, 5, 6]. 

The dipping solution may also be used as a spray solution. If this is done the 
reaction occurs more rapidly than reported in the literature for alcoholic spray 
solutions. 

Silica gel, kieselguhr. Si 50000 and cellulose layers, amongst others, can be used 
as stationary phases. 


Procedure Tested 

Testosterone |lj 


Isonicotinic acid hydrazide forms fluorescent hydrazones with ketosteroids. 


Method 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. 
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Layer HPTLC plates Silica gel 60 (Merck). 

The layer was prewashed by developing once in chloroform 
and then twice in toluene — 2-propanol (10 + 1), with drying 
at 110°C for 30 min after each step. 

Mobile phase Toluene — 2-propanol (10 + 1). 


Migration distance 5 cm 


Running time 10 min 


Detection and result: The chromatograms were freed from mobile phase (stream 
of cold air), immersed in the reagent solution for 20 s, then dried in the air and 
finally kept at room temperature for 20 min. Testosterone ( hR ( 35—40) fluoresced 
pale blue in long-wavelength UV light (2 = 365 nm, Fig. 1). 


In situ quantitation: The chromatogram was then dipped into liquid paraffin 
— n-hexane (10 + 20) to increase the intensity of the fluorescence by a factor 
of ten and to stabilize it. The detection limit for testosterone is less than 500 pg 
per chromatogram zone (2 eic = 365 nm; 2 f( > 430 nm). 

The separation of a mixture of d 4 -3-ketosteroids is illustrated in Figure 2. 
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Fig. 2: Fluorescence scan of a d 4 -3-ketosteroid mixture after INH treatment. Aldosterone 
(1), corticosterone (2), cortexolone (3), testosterone (4), progesterone (5). 
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Fig. 1: Fluorescence scan of a blank track (A) and of the testosterone derivative (B, 2 pg). 
Start (1), testosterone-INH derivative (hRf 39) (2), unknown substances (3, 4). 



Lead(II) Acetate Basic Reagent 


Reagent for: 


• Flavonoids [1—3] 


• Aryl-substituted thiourea derivatives 
(thiocarbamide derivatives) [4] 


• Oligogalactoside uronic acids [5] 

Pb(CH 3 COO) 2 nPb(OH) 2 


Preparation of Reagent 

Dipping solution Basic lead(II) acetate solution (lead content: 17.5—19%). 

Storage The reagent solution may be stored over a longer period of 

time, providing it is tightly stoppered. 

Substances Lead acetate (17.5—19% Pb) 

(lead(II) acetate solution, basic) 

Reaction 

Lead(Il) acetate yields colored lead salts with flavonoids and thiourea derivatives. 

s s 

\-cf + Pb 2+ -> ^N-cf Pb 2+ / 2 

7 X SH ' X S 


Thiourea derivatives 


Lead salt 
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Method 

The chromatogram is freed from mobile phase in a stream of warm air, immersed 
in the reagent solution for 1 s or homogeneously sprayed with it until the layer 
starts to be transparent and heated to 50—80 °C for 5-20 min. 

Chromatogram zones of various colors sometimes appear even before heating, 
these fluoresce under long-wavelength UV light (2 = 365 nm) in the case of some 

substances. 

Note: The detection limits per chromatogram zone are ca. 1 pg substance in the 
case of aryl-substituted thioureas [4], but even at 50 pg per zone diallate and 
triallate did not produce any reaction [6]. The reagent should be employed 
undiluted (cf. “Procedure Tested”, Fig. 2). 

The reagent can be employed on silica gel, kieselguhr, Si 50 000, cellulose and 
polyamide layers. 


Procedure Tested 

Flavone Glucosides |7] 

Method Ascending, one-dimensional development in a HPTLC 

trough chamber with chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase Ethyl acetate — dichloromethane — formic acid — water 

(35 + 15 + 5 + 3). 

Migration distance 5 cm 

Running time 13 min 

Detection and result: The chromatogram was freed from mobile phase, immersed 
in the reagent solution for 1 s and then heated to 80°C for 10 min. Rutin (hR f 5 — 
10). kaempferol glucoside (hRf 10—15), hyperoside (hR f 20—25), isoquercitrin 
(/itff 25 — 30), quercitrin (hR ( 40 — 45), luteolin (hR f 75-80), quercetin (hR f 80 — 
85) and isorhamnetin (hRf 80-85) yielded yellow to brown chromatogram zones 
on a pale background; under long-wavelength UV light (2 = 365 nm) these pro- 
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duced yellow to orange fluorescence. The detection limits were 50 —100 ng substance 
per chromatogram zone (Fig. 1). The influence of the reagent concentration on 
the sensitivity of detection is illustrated in Figure 2. . 



Fig. 1 Fig. 2 


Fig. 1: Chromatographic separation of flavone glucosides 

Fig. 2: The influence of the reagent concentration on the sensitivity of detection; detection 
of equal amounts of luteolin with basic lead acetate solution that was (A) undiluted, (B) 
diluted 1 + 4 and (C) diluted 1 + 50. 
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Lead(IV) Acetate — 
Dichlorofluorescein Reagent 


Reagent for: 


• Vicinal diols [1—5] 
e.g. sugar acids [1, 2] 

monosaccharides [2 — 4] 
oligosaccharides [2, 3] 
sugar alcohols [2 — 4] 
cyclitols [5] 
glycerol [2, 3] 

• Glycosides 

e.g. menthyl glucoside [6] 
arbutin [7] 


(CH 3 COO) 4 Pb 


C 8 Hi 2 0 8 Pb 
M t = 443.37 



C20H10CI2O5 

M t = 401.21 


• Phenols [8] 


Lead(lV) acetate Dichloro¬ 
fluorescein 


Preparation of the Reagent 


Solution I 

Solution II 
Dipping solution 

Storage 


Two percent to saturated solution of lead(IV) acetate in glacial 
acetic acid. 

Dissolve 0.2 to 1 g 2',7'-dichlorofluorescein in 100 ml ethanol. 

Mix 5 ml solution I and 5 ml solution II and make up to 200 ml 
with toluene immediately before use. 

Solutions I and II on their own are stable for several days, the 
dipping solution should always be freshly made up before use. 



JZV 


ueau (i * / Aceiuie — uicmorojiuorescein iceageni 


Substances Lead(IV) acetate 

2',7'-Dichlorofluorescein 

Acetic acid (glacial acetic acid) 100% 

Ethanol 

Toluene 


Reaction 

The reaction is based, on the one hand, on the oxidative cleavage of vicinal diols 
by lead(IV) acetate and, on the other hand, on the reaction of dichlorofluorescein 
with lead(IV) acetate to yield a nonfluorescent oxidation product. The dichloro¬ 
fluorescein only maintains its fluorescence in the chromatogram zones where the 
lead(IV) acetate has been consumed by the glycol cleavage reaction [1], 


Method 

The chromatogram is freed from mobile phase, immersed in the reagent solution 
for 8 —10 s, dried briefly in a stream of warm air and heated in the drying cupboard 
to 100°C for 3 — 30 min. 

Chromatogram zones are formed that exhibit yellow fluorescence in shortwave 
UV light (A = 254 nm); they are sometimes also recognizable as orange-red spots 
in visible light. 

Note: The full fluorescence intensity usually only develops about 30 min after the 
dipping process; it then remains stable for several days if the chromatograms are 
stored in the dark (1, 5]. Fluorescein sodium can be employed in the reagent in 
place of 2',7'-dichlorofluorescein [5]. The detection limits lie in the lower nanogram 
to picogram range [1, 5]. 

The reagent can be employed on silica gel, Si 50 000 and kieselguhr layers. 

Remark: All substances with vicinal diol groups (sugars, sugar alcohols, glycosides 
etc.) yield a yellow-green fluorescence with this reagent. In order to determine 
which zones are produced by sugars the plate can be sprayed later with 
naphthalene-1,3-diol — sulfuric acid reagent which colors the sugars but not the 
sugar alcohols [4, 9], 
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Procedure Tested 

Mono- and Sesqniterpene Glucosides [6], Arbutin and Methylarbutin [7| 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase Terpene glucosides: chloroform — methanol (80 + 20). 

Arbutin: ethyl acetate - methanol - water (100 + 17 + 14). 

Migration distance 5 cm 

Running time 15 min 

Detection and result: The chromatogram was freed from mobile phase, immersed 
in the reagent solution for 1 s, dried briefly in a stream of warm air and heated to 
100°C for 5 min. 

The glucosides of menthol, citronellol, nerol, geraniol, cw-myrtenol, L-borneol, 
hnalool and a-terpineol yielded yellow-green fluorescent chromatogram zones 
in long-wavelength UV light (A = 365 nm). The same applied to arbutin (hR s 45- 
50). 


.J _ 
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Fig. 1: Fluorescence scan of chromatogram tracks with 50, 100 and 200 ng arbutin per 
chromatogram zone. 





In situ quantitation: The fluorimetric analysis of monoterpene glucosides could be 
performed with advantage at A ei c = 313 nm and X n > 390 nm. The detection limits 
of arbutin and L-menthylglucoside were 1— 5 ng and 15 ng substance per 
chromatogram respectively (Fig. 1). 


References 

[1] GUbitz, G„ Frei, R. W„ Bethke, H.: J. Chromatogr. 1976, 117, 337-343. 

[2] Klaus, R., Ripphahn, J.: J. Chromatogr. 1982, 244, 99-124. 

[3] Klaus, R., Fischer, W.: Chromatographia 1987, 23, 137-140. 

[4] Schmoldt, A., Machut, M.: Dtsch. Apoth. Ztg. 1981, 121, 1006-1009. 

[5] Stepanek, J.: J Chromatogr. 1983, 257, 405-410. 

[6] Ishag, K. E. A.: Dissertation, Universitat des Saarlandes, Saarbrucken 1984. 

[7] Jork, FI., Kany, E.: GDCh-training course Nr. 301 „Dunnschicht-Chromatographie fur Fort- 
geschrittene", Universitat des Saarlandes, SaarbrUcken 1986. 

[8] Klaus, R., Fischer, W., Bayer, H.: J. Chromatogr. 1987, 398, 300-308. 

[9] Wimmer, T.: Dissertation, Universitat Munich, 1985. 


Lead(IY) Acetate — Fuchsin Reagent 



Preparation of Reagent 

Dipping solution I Dissolve 1 g lead(IV) acetate (lead tetraacetate) in 100 ml 
ethanol. 

Dipping solution II Dissolve 10 mg fuchsin in 100 ml methanol. 

Spray solution I Dissolve 1 g lead(IV) acetate in 100 ml toluene. 

Spray solution II Dissolve 50 mg fuchsin in 100 ml methanol. 

Storage Solution I should always be freshly prepared, solution II may 

be stored for a longer period of time. 

Substances Lead(IV) acetate 

Fuchsin 
Toluene 
Methanol 
Ethanol 





jueaafiv j Aceiaie — rucnrnn neagem 


Reaction 


The reaction depends, on the one hand, on the fact that fuchsin is decolorized by 
oxidizing agents (e.g. lead(IV) acetate) and, on the other hand, on the fact that 
lead(I V) acetate is reduced by compounds containing a-diol groups. It is, therefore, 
no longer available to decolorize the fuchsin. The fuchsin undergoes a Schiff 
reaction with the aldehydes that are formed [2]. 


R-CH-CH-R 
OH OH 

Diol 


Pb(0Ac) 4 
- 2 AcOH 


// 

2 R-C s + Pb(OAc) 2 
H 

Aldehyde Lead(II) acetate 



Aldehyde Fuchsin Schiff’s base 


Method 

The chromatogram is freed from mobile phase, immersed for 3 s in dipping 
solution I or sprayed homogeneously with spray solution I and then dried for ca. 
10 min in a stream of cold air. It is then immersed for 1 s in dipping solution II or 
sprayed evenly with spray solution II. 

Reaction usually occurs immediately or occasionally after heating briefly to 140°C, 
to yield red-violet chromatogram zones on a pale yellow-beige background. 

Note: The color of the zones persists for a long period, but changes to blue-violet 
[1]. Rosaniline [1, 2] can be employed instead of fuchsin. With sugar alcohols 
lead(IV) acetate alone yields white zones on a brown background (detection limit 
1 — 2 pg per chromatogram zone) [3], 

The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers. 
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Procedure Tested 

Mono-, l)i- and Trisaccharides [4] 

Method Ascending, one-dimensional double development in a 

trough chamber at 80 °C without chamber saturation. 

Layer HPTLC plates Si 50000 (Merck), which had been pre¬ 

washed before sample application by developing once with 
chloroform — methanol and then dried at 110°C for 30 min. 

Mobile phase Acetonitrile — water (85 + 15). 

Migration distance 2 x 6 cm 

Running time 2x8 min (5 min intermediate drying in stream of warm air) 

Detection and result: The chromatogram was dried for 15 min in a stream of cold 
air, immersed in dipping solution I for 3 s and dried for 10 min in a stream of cold 
air. It was then immersed for 1 s in dipping solution II, dried briefly in a stream 
of warm air and heated to 140°C for 1 min (hot plate). 

Raffmose {hR f 5-10), lactose (hR, 15-20), sucrose (hR, 30-35), glucose (hR, 
45-50) and fructose ( hR f 60 - 65) yielded violet chromatogram zones with a weak, 



Fig. 1: Absorption scan (A) and fluorescence scan (B) of a chromatogram track with 200 ng 
sugar per chromatogram zone: raffmose (1), lactose (2) sucrose (3), glucose (4) and fructose 

(5). 
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pale blue fluorescence on a pale beige background. The detection limits were 
20 ng substance per chromatogram zone. When the chromatogram was sub¬ 
sequently treated with hydrochloric acid vapor for 15 min (twin-trough chamber, 
32% hydrochloric acid in the unoccupied half) the zones became more intensely 
violet-colored against a pale violet background; under long-wavelength UV light 
(2 = 365 nm) the zones fluoresced red against a dark background. Here too the 
detection limits were 20 ng substance per chromatogram zone. 

In situ quantitation: The absorption photometric determination in reflectance was 
performed at 2 = 560 nm, the fluorimetric analysis was performed at 2 exc = 436 nm 
and 2 fl > 560 nm (Fig. 1). 
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Manganese(II) Chloride — 
Sulfuric Acid Reagent 


Reagent for: 


• Cholesterol, cholesteryl esters [1 —4] 

• Phospholipids, lipids [1, 5] 

• Triglycerides, free fatty acids [1] 

• Bile acids [2] 

• Ketosteroids [3] 

• Estrogens [6] 


MnCl 2 • 4H 2 0 

M r = 197.91 

Manganese(ll) 

chloride 

tetrahydrate 


H 2 S0 4 
M, = 98.08 
Sulfuric acid 


Preparation of Reagent 

Dipping solution Dissolve 0.2 g manganese chloride tetrahydrate in 30 ml water 
and add 30 ml methanol. Mix well and then carefully add 2 ml 
cone, sulfuric acid dropwise. 

Storage The solution should always be freshly made up for quantitative 

evaluations. 

Substances Manganese(ll) chloride tetrahydrate 

Methanol 

Sulfuric acid (95 — 97%) 


Reaction 


The reaction mechanism has not yet been elucidated. 
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Manganese(11) Chloride — Sulfuric Acid Reagent 


Method 

The chromatograms are freed from mobile phase in a stream of cold air, immersed 
in the reagent solution for 1 s and then heated to 100 — 120°C for 10—15 min. 
Colored zones appear on a colorless background [2] (Table 1) and these fluoresce 
pale blue in long-wavelength UV light (A = 365 nm) [1], 


Table 1 : Colors of the chromatogram zones 


Substance 

Color 

Cholesterol 

pink 

Cholic acid 

deep yellow 

Chenodesoxycholic acid 

grey-green 

Desoxycholic acid 

yellow 

1 lyodesoxycholic acid 

brown 

Lithocholic acid 

pale pink 


The pink color of the cholesterol begins to fade after 5 min while the color of the 
bile acids deepens [2]. The visual detection limit in visible light is 1 pg for cholesterol 
and 2 pg per chromatogram zone for bile acids [2]. Fluorimetric detection is more 
sensitive by a factor of 1000! 

Note: The reagent, which may also be used as spray solution, can be applied to 
silica gel, RP-2, RP-8, RP-18 and CN layers. 

Procedure Tested 

Cholesterol, Coprostanone, Coprostanol, 4-Chotesten-3-one, 5a-Cholestan-3-one (31 

Method Ascending, one-dimensional development in a trough cham¬ 

ber. The HPTLC plates were preconditioned for 30 min at 
0% rel. humidity (over cone, sulfuric acid) after sample 
application and then developed immediately. 

Layer HPTLC plates Silica gel 60 F 25 4 (Merck), which had been 

prewashed by developing once up to the edge of the plate 
with chloroform — methanol (1 + 1) and then activated to 
110 °C for 30 min. 
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Mobile phase Cyclohexane - diethyl ether (1+1). 

Migration distance 6 cm 
Running time ca. 15 min 

Detection and result: The developed chromatogram was dried in a stream of cold 
air, immersed in the reagent solution for 1 s and then heated to 120°C for 15 min. 

The result was that light blue fluorescent zones were visible under long-wavelength 
U V light (A = 365 nm). Before fluorimetric analysis the chromatogram was dipped 
for 1 s into liquid paraffin — n-hexane (1 + 2) to enhance (by a factor of 2 to 8) 
and stabilize the intensity of the fluorescence and then dried for 1 min in a stream 
of cold air. The quantitation (A„ c = 365 nm; A fl > 430 nm) was carried out after 
1 h since it was only then that the fluorescence intensity had stabilized. 

Note: Coprostanone, 4-cholesten-3-one and 5a-cholestan-3-one could be detected 
more sensitively, if the dried chromatogram was irradiated with intense long- 
wavelength UV light (A = 365 nm) for 2 min before being immersed in the reagent 
solution. Figure 1 illustrates a separation of these substances. The detection limits 


2 



Fig. 1: Fluorescence scans of a blank (A) and of a mixture (B) of cholesterol (2), coprostanol 
(3), 4-cholesten-3-one (4), 5a-cholestan-3-one (5) and coprostanone (6), start (1), solvent 

front (7). 
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were 1 ng per chromatogram zone for cholesterol ( hR { 20 — 25) and coprostanol 
{hR f 25 — 30) and 50 ng per chromatogram zone for 4-cholesten-3-one (hR { 40 — 
45), 5a-cholestan-3-one (hR f 60 — 65) and coprostanone (hRf 70 — 75). 
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Mercury(I) Nitrate Reagent 


Reagent for: 

• Barbiturates and barbiturate 
metabolites [1 — 4] 

• Various pharmaceuticals 
e.g. pentenamide [1] 

gluthethimide, primidone, phenytoin [2] 

• Organophosphorus insecticides [5] 

• Succinimides [6] Hg 2 (N0 3 ) 2 • 2H 2 0 

• Thiourea [7] M r = 561.22 


Preparation of Reagent 

Spray solution Grind 5 g mercury(I) nitrate dihydrate with 100 ml water in a 
mortar and tranfer it to a storage vessel along with the sediment; 
the supernatant is fit for use as long as the sediment remains 
white [1], 

Storage The reagent may be stored for an extended period; new reagent 

must be made up when the sediment becomes grey or yellow in 
color [1], 

Substances Mercury(I) nitrate dihydrate 


Reaction 

The reaction mechanism has not yet been elucidated. 
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Method 

The chromatograms are dried in a stream of warm air or at 105 °C for 10 min, 
cooled to room temperature and sprayed homogeneously with the spray reagent 
until they start to become transparent. 

Grey-black chromatogram zones are produced on a white background, usually 
appearing immediately but sometimes only after a few minutes. In the case of 
insecticides the chromatograms are heated after spraying [5], 

Note: Traces of ammonia from the mobile phase should be removed from the 
plate completely to avoid background discoloration (grey veil) [1]. If the layer is 
sprayed too heavily the initially grey-black chromatogram zones can fade again 
[2], The reagent which is usually employed as a 1 to 2% solution [2, 3, 6, 7] can 
be treated with a few drops of nitric acid to clarify the solution [2], 

Barbiturate metabolites are more heavily colored by the mercury(I) nitrate reagent 
(exception: allobarbital), while unaltered barbiturates react more sensitively to the 
mercury(II)-diphenylcarbazone reagent (q.v.) [1]. 

The reagent can be employed on silica gel, kieselguhr, aluminium oxide and 
cellulose layers. 


Procedure Tested 

Barbiturates and Metabolites (1) 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 

Layer TLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Chloroform — acetone (80 -f 20). 

Migration distance ca. 6 cm 

Running time 7 min 

Detection and result: The developed chromatogram was dried for 5 min in a stream 
of hot air (120 —150 °C) then treated with a stream of cold air for 5 min. It was 
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then sprayed with reagent solution until the layer began to be transparent. After 
5 min barbiturates and their metabolites produced grey to black zones on a 
colorless background (Fig. 1). 







— Luminal ® 

— Novonat ® 



Fig. 1: Chromatograms of a urine sample and a standard solution. 
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Mercury(II) Salt — 
Diphenylcarbazone Reagent 


Reagent for: 

• Barbiturates, barbiturate 
metabolites [1 — 6] 

• Sulfonamides [2] 

• Various pharmaceuticals 
e.g. glutethimide [2—4] 

lysergic acid [2] 
primidone, phenytoin [3] 

• Organophosphorus insecticides [7] 

HgCl 2 Hg(N0 3 ) 2 • H 2 0 C 13 H 12 N 4 0 

M r = 271.50 M r = 342.62 M r = 240.27 

Mercury(II) Mercury(II) nitrate Diphenylcarbazone 

chloride monohydrate 



Preparation of Reagent 

Solution I Dissolve 100 mg 1,5-diphenylcarbazone in 100 ml ethanol 

(96%). 

Solution II Dissolve 40 g ammonium acetate in 100 ml water and adjust 

to pH 3.5 with ca. 30 ml nitric acid (65%). 


Spray solution la Dissolve 2 g mercury(II) chloride in 100 ml ethanol [1, 3, 4], 
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Spray solution lb Dissolve 200 mg 1,5-diphenylcarbazone in 100 ml ethanol 
[1,3,4]. 

Spray solution Ila Dissolve 200 mg mercury(II) nitrate monohydrate in 100 ml 
nitric acid (c = 0.1 mol/1) [6]. 

Spray solution lib Mix 4 ml solution I and 26 ml solution II [6], 

Storage Solutions I and II and spray solutions la and lb may be stored 

in the refrigerator for ca. 1 month, both spray solutions Ila 
and lib may be kept for ca. 1 week. 

Substances 1,5-Diphenylcarbazone 

Mercury(II) nitrate monohydrate 
Mercury(II) chloride 
Nitric acid 0.1 mol/1 Titrisol 
Nitric acid (65%) 

Ethanol 

Ammonium acetate 


Reaction 

The reaction mechanism has not yet been elucidated. 


Method 

Variant I: The chromatogram is dried in a stream of warm air or in the drying 
cupboard (10 min, 120°C), cooled to room temperature and either sprayed with 
spray solutions la and lb one after the other (with brief drying in a stream of cold 
air in between) [1] or sprayed with a mixture of equal volumes of these two spray 
reagents until the layer begins to be transparent [2, 4]. 

In the case of organophosphorus insecticides [7] and usually also in the case of 
barbiturates and other pharmaceuticals [1, 3] white chromatogram zones are 
produced on a lilac background. Barbiturates sometimes appear - especially after 
the use of basic mobile phases — as blue-violet colored zones on a pink background 
[2. 5], 
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Variant II: The chromatogram is dried in a stream of warm air or in the drying 
cupboard (10 min, 120°C), cooled to room temperature and then sprayed twice 
with spray solution II a until the layer is transparent (dry in a stream of warm air 
after each spray step!). It is then sprayed with a small amount of spray solution 
II b [6], 

Barbiturates and their metabolites always appear as red-violet chromatogram 
zones on a white background with this variant of the reagent [6]. 

Note: The reaction for barbiturates according to variant I is increased in sensitivity 
if the chromatogram is exposed to direct sunlight or UV light after it has been 
sprayed; this causes the background coloration to fade almost completely and the 
blue zones stand out more distinctly [4]. 

While barbiturate metabolites are more intensely colored by the mercury(I) nitrate 
reagent (q.v.) the unaltered barbiturates react more sensitively to the mercury(II) 
diphenylcarbazone reagent; the detection limits lie between 0.05 pg (Luminal®) 
and 10 pg (Prominal®) per chromatogram zone [6]. 

The reagent can be employed on silica gel and kieselguhr layers. 


solution II b. Barbiturates and their metabolites appeared as violet chromatogram 
zones on an almost colorless background. The detection limits for barbiturates 
lay between 50 ng (Luminal®) and 10 pg (Prominal®, Fig. 1). 



Fig. 1: Chromatograms of a urine sample and a standard solution. 


Procedure Tested 


Barbiturates and Metabolites [6| 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough 
chamber with chamber saturation. 

TLC plates Silica gel 60 F 254 (Merck). 

Chloroform — acetone (80 + 20). 

ca. 6 cm 

7 min 


Detection and result: The chromatogram was dried for 5 min in a stream of hot 
air (120—150 °C) then treated with a stream of cold air for 5 min. It was then 
sprayed twice to transparency with spray solution Ha (drying in between for 3 min 
in a stream of hot air). It was then heated in a stream of hot air for 5 min. After 
cooling for 5 min in a stream of cold air it was sprayed with a small amount of spray 
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2-Methoxy-2,4-diphenyl-3(2H)- 
furanone Reagent 

(MDPF Reagent) 


2-Methoxy-2,4-diphenyl-3(2H)-Juranone Reagent 
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Reagent for: 

n 0CH 3 



• Amines 

/=(c3 'v 

e.g. colchicine [1] 

\_/ 


C 17 Hi 4 0 3 


M r = 266.30 


Preparation of Reagent 

Dipping solution Dissolve 25 mg 2-methoxy-2,4-diphenyl-3(2H)-furanone in 
50 ml methanol. 

Storage The clipping solution may be stored for several days. 

Substances 2-Methoxy-2,4-diphenyl-3(2H)-furanone 
Methanol 


Reaction 

MDPF reacts directly with primary amines to form fluorescent products. Second¬ 
ary amines yield nonfluorescent derivatives, which may be converted into fluor¬ 
escent substances by a further reaction with primary amines [2], 



Method 

The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the reagent solution for 4 s or sprayed evenly with it and then heated to 110°C 
for 20 min. 

Yellow chromatogram zones are formed on a colorless background; these exhibit 
yellow fluorescence in long-wavelength UV light (2 = 365 nm). 

Note: The reagent can be applied to silica gel, Si 50000 and kieselguhr layers. 


Procedure Tested 

Colchicine [1] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber without chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck) which had been washed 

by developing once with chloroform — methanol (1 + 1) 
and then dried at 110°C for 30 min before applying the 
samples. 

Mobile phase Acetone - toluene - ammonia solution (25%) (40 + 15 

+ 5). 




JHO 
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Migration distance 5 cm 
Running time 10 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air (45 min), immersed in the reagent solution for 4 s and then heated to 
110°C for 20 min. 

Colchicine ( hR f 35-40) appeared as yellow fluorescent zone on a dark background 
in long-wavelength UV light (X = 365 nm). The detection limit was 10 ng per 
chromatogram zone. 

In situ quantitation: The fluorimetric analysis was carried out with excitation at 
^exc = 313 nm and evaluation at X a > 390 nm (Fig. 1). 
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Fig. 1: Fluorescence scan of a chromatogram track with an extract of Colchicum autumnale 
(A) and of a reference track (B, 1 ng colchicine); start (1), colchicine (2). 
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3-Methyl-2-benzothiazolinone- 
hydrazone Reagent 

(MBTH Reagent, Besthorn’s 
Reagent) 



Preparation of Reagent 

Dipping solution Dissolve 0.5-1 g 3 -methyl- 2 -benzothiazolinone-hydrazone 
hydrochloride (Besthorn’s hydrazone) in 100 ml methanol — 
water (1 + 1), water [2,4 - 8] or methanol [3,11]. If precipitation 
occurs filter the solution before use. 

Storage The dipping solution is only stable for a few days and, hence, 

should be freshly made up each time. 

Substances 3-Methyl-2-benzothiazolinone-hydrazone 

hydrochloride 
Methanol 






3-Meinyi-z-Denzotniazoiinone-hydrazone Reagent 


Reaction (according to [13]) 




Method 


The chromatogram is freed from mobile phase, immersed in the reagent solution 
for 1 s or homogeneously sprayed with it and then heated to 110-130°C for up 
to 2 h. The chromatographic zones produced are usually blue-violet (e.g. patulin, 
moniliformine) on a pale background; they exhibit yellow to yellow-orange fluores¬ 
cence (penicillic acid, patulin) in long-wavelength UV light (X = 365 nm). 

Note: The reagent can be employed on silica gel, kieselguhr, cellulose and polyam¬ 
ide layers. When left exposed to air the whole chromatogram is slowly colored 
blue because of the formation of the blue cation (3) (see Reaction). The detection 
limits for patulin, moniliformine and penicillic acid are ca. 50 ng per chromatogram 
zone. 
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Procedure Tested 

Penicillic Acid [14J 

Method Ascending, one-dimensional development in a trough 

chamber with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Toluene - ethyl acetate - formic acid (60 + 30 + 10). 

Migration distance 5 cm 

Running time 10 min 

Detection and result: The chromatogram was freed from mobile phase, immersed 
in reagent solution for 1 s and then heated to 130°C for 90-120 min. Penicillic 
acid {hR f 45-50) yielded yellow chromatogram zones which fluoresced yellow in 
long-wavelength UV light (X = 365 nm). The detection limits were 50 to 100 ng 
per chromatogram zone. 

In situ quantitation: Fluorimetric analysis was carried out at 2 eic = 365 nm and 
/. f | > 560 nm (Fig. 1). 



Fig. 1 : Fluorescence scan of a chromatogram track of 0.5 pg penicillic acid. 
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l,2-Naphthoquinone-4-sulfonic Acid 
— Perchloric Acid — 
Formaldehyde Reagent 


Reagent for 


• Sterols 




e.g. ergosterol 




stigmasterol 



H-C* 

cholesterol [1] 

S0 3 " Na + 



• Alkaloids 

C 10 H 5 NaO 5 S 

HC10 4 

ch 2 o 

e.g. codeine 

M, = 260.20 

M t = 100.46 

M r = 30.03 

morphine 

1,2-Naphtho- 

Perchloric 

Formaldehyde 

heroin 

quinone-4- 

acid 


6-monoacetyl- 

sulfonic acid 



morphine [2] 

sodium salt 




Preparation of Reagent 

Dipping solution Dissolve 100 mg 1,2-naphthoquinone-4-sulfonic acid sodium 
salt in 40 ml ethanol and add 20 ml perchloric acid (70%), 18 ml 
water and 2 ml formaldehyde solution in that order. 

Storage The reagent solution may be kept for ca. 4 weeks in the refriger¬ 

ator. 

Substances 1,2-Naphthoquinone-4-sulfonic acid 

sodium salt 
Ethanol 

Perchloric acid (70%) 

Formaldehyde solution (37%) 



' ,z ' na P nin oquinone-4-sulfonic Acid-Perchloric Acid- Formaldehyde Reagent 

Reaction 

The reaction mechanism has not been elucidated. It is possible that formaldehyde 
reacts by oxidation as in the Marquis’ reaction (see formaldehyde - sulfuric acid 
reagent), whereby colored salts are formed with naphthoquinone sulfonic acid. 


Method 

The chromatograms are freed from mobile phase (stream of warm air 5 min), 
immersed for 4 s in the reagent solution or sprayed homogeneously with it until 
they begin to be transparent and then heated to 70 °C for ca. 10 min. 

Chromatogram zones are produced that are initially pink but turn blue as the 
heating continues; they are on a pale blue background. 

Note: The color development depends on the temperature and duration of heating 

llj. The detection limit for sterols and morphine alkaloids is in the lower nanogram 
range [1,2], 6 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


Procedure Tested 

Morphine Alkaloids |2| 

Method Ascending, one-dimensional development in a trough cham¬ 

ber without chamber saturation. 

^ a ^ er HPTLC plates Silica gel 60 (Merck) which had been prewash¬ 

ed once with chloroform - methanol (50 -(- 50) and then 
dried at 110°C for 20 min 

Mobile phase Methanol - chloroform - water (12 + 8-1-2). 

Migration distance 6 cm 

Running time 20 min 
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Detection and result: The chromatogram was dried in a stream of warm air for 
5 min, immersed in the reagent solution for 4 s and heated to 70 °C for ca. 10 min. 

Morphine (hR { 25 — 30), codeine (hR, 30 — 35), 6-monoacetylmorphine (hR f 40- 
45) and heroin (hR ( 50—55) yielded blue chromatogram zones on a pale blue 
background. The detection limits were 10 to 20 ng substance per chromatogram 

zone. 

In situ quantitation: The absorption photometric analysis was made in reflectance 
at 2= 610 nm (Fig. 1). 
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Fig. 1: Reflectance scan of the alkaloid mixture with ca. 50 ng substance per chromatogram 
zone. Morphine (1), codeine (2), 6-monoacetylmorphine (3), heroin (4). 


References 

[1] Richter, E.: J. Chromatogr. 1965, 18, 164-167. 

[2] Patzsch, K., Funk, W., Schiitz, H.: GITFachz. Lab., Supplement S „Chromatographie“ 1988, 
32, 83-91. 



0 


Ninhydrin — Collidine Reagent 


Reagent for: 

0 


• Amines [1] 

a}: 

H 3 C N CH 3 

V 

• Aminoglycoside antibiotics [2, 3] 

0 

ch 3 

• Amino acids [5 — 7] 

C 9 H 604 

c 8 h„n 

• Peptides [6] 

M r = 178.15 

M,= 121.18 


Ninhydrin 

Collidine 


Preparation of Reagent 

Dipping solution Dissolve 0.3 g ninhydrin (2,2-dihydroxy-1,3-indanedione) in 
95 ml 2-propanol and add 5 ml collidine (2,4,6-trimethylpyri- 
dine) and 5 ml acetic acid (96%). 

Storage If the solvents are not sufficiently pure the solution may only 

be kept for a short time. 

Substances Ninhydrin 

2,4,6-T rimethylpyridine 
Acetic acid (96%) 

2-Propanol 


Reaction 

The course of the reaction has not been fully explained; one possible route is: 




o 


Method 

The chromatogram is freed from mobile phase, immersed for 1 s in the reagent 
solution and then heated to 95- 120°C for 5-10 min. After 15 min stabilization 
time mainly reddish but sometimes blue substance zones appear on a pale back¬ 
ground. 

Note: The reagent can be employed on silica gel and cellulose layers and the 
dipping solution can also be employed as a spray solution. The addition of collidine 
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Fig. 1: Comparative recordings of the reflectance scans of a mixture of phenylethylamine (1), 
tyramine (2), serotonin (3) and histamine (4); A. ninhydrin reagent (q.v.), B. ninhydrin - 
collidine reagent. 
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Ninhydrin — Collidine Reagent 
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buffers the layer and allows, for example, the differentiation of glycine and serine 
by color [4], In the case of biogenic amines the reagent is much more sensitive if 
collidine is omitted* (Fig. 1). Amm onia vapors interfere with the reaction. If the 
zones fade rapidly they can be stabilized by complex formation by the addition of 
tin, copper [8], cobalt or cadmium salts to the reagent (cf. also copper(II) nitrate 
reagent for the stabilization of “ninhydrin spots”). 


Procedure Tested 


Gentamycin Complex [2,3,10] 


Method 


Layer 


Mobile phase 


Ascending, one-dimensional development at 10 —12°C in a 
twin-trough chamber, with 25% ammonia in that part not 
containing mobile phase. The chamber was equilibrated for 
15 min before starting development. 

HPTLC plates Silica gel 60 (Merck) prewashed by develop¬ 
ing three times with chloroform — methanol (50 + 50) with 
intermediate and final drying at 110°C for 30 min. 

Chloroform — ethanol — ammonia solution (25%) (10 
+ 9 + 10). 

The lower organic phase was employed. 


Migration distance ca. 5 cm 


Running time ca. 20 min 


Detection and result: The chromatogram was treated in a stream of cold air for 
30 min in order to remove the mobile phase, it was then immersed in the reagent 
solution for 1 s and finally, after drying in the stream of warm air it was heated 
to 95°C for 10 min. After 15 min stabilization time at room temperature blue 
chromatogram zones are produced on a colorless background. 


Note: Under these conditions gentamycins C 2 and C 2a form a common zone. A 
separation can be achieved, for example, with methanol — 0.1 mol/1 LiCl in 32% 
aqueous ammonia solution (5 + 25) on KC18F plates (Whatman) [9], 


* Jork, H.: Private communication, Universitat des Saarlandes, D-6600 Saarbrucken, 1988 


In situ quantitation: The direct quantitative analysis of the blue-violet derivatives 
should be made in reflectance at k = 580 nm ca. 15 min after color development. 
The detection limits are 50 ng substance per chromatogram zone for gentamycin 
C la (hR, 35-40), C 2 + C 2 , (hR f 40 - 45), and C, (hR, 45-50) (Fig. 2). 
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Fig. 2: Absorption scans (A) of a blank and (B) of a gentamycin standard (800 ng substance 
per application). Start (1), gentamycin C u (2), gentamycin C 2 + C 2 , (3), gentamycin C, (4), 
solvent front (5). 
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4-(4-Nitrobenzyl)pyridine Reagent 

(NBP Reagent) 


Reagent for: 

• Epoxides 

e.g. trichothecene-mycotoxins [1 — 6] 
valepotriates [7,17] 

• Olefins, acetylene derivatives [8] 

• 4-Hydroxycumarin, anthraquinone [8] 

• Alkylating agents [9-12] 

e.g. sulfur and nitrogen mustard derivatives, 
bis-(halogenalkyl)sulfides, 
N,N,N-(trihalogenalkyl)amines and 
N,N-bis-(halogenalkyl)alkylamines [9,10], 
diazoalkanes and aziridines [10], 
substances with labile halogens [12] 

• Pyrethroid insecticides 
e.g. S-bioallethrine [13] 

• Organophosphorus insecticides [16] 


Preparation of Reagent 

Dipping solution I Dissolve 9 g 4-(4-nitrobenzyl)pyridine (NBP) and 90 mg bu- 
tylhydroxytoluene (BHT) in 90 ml chloroform. 

Dipping solution II Dissolve 24 ml tetraethylene pentamine and 60 mg butyl- 
hydroxytoluene in 36 ml dichloromethane. 

Spray solution I Dissolve 2—5 g 4-(4-nitrobenzyl)pyridine in 100 ml acetone 

[7-10]. 
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Spray solution II Dissolve 92 mg potassium hydrogen phthalate in 100 ml water 
and adjust the pH to 5.0 with sodium hydroxide solution 
(1 mol/1). Dissolve 5 g sodium perchlorate in this solution [9]. 

A sodium acetate buffer solution (0.05 mol/1; pH 4.6) may 
be employed as an alternative [10]. 

Spray solution III Piperidine [10] or alternatively a mixture of triethylamine and 
acetone (1 + 4) or sodium hydroxide solution (c = 10“ 5 mol/1; 
pH 8.5-9) [8]. 

Storage All solutions may be stored for several days in the refrigerator. 

Substances 4-(4-Nitrobenzyl)pyridine 

Tetraethylene pentamine 
Chloroform 
Dichloromethane 
Acetone 

Potassium hydrogen phthalate 
Sodium perchlorate monohydrate 
Sodium hydroxide solution (1 mol/1) 

Piperidine 

Triethylamine 

Butylhydroxytoluene 

(= 2,6-di-tcr/-butyl-4-methyl phenol) 

Reaction 

NBP reacts with epoxides according to I to yield methine dyestuffs [14] and with 
alkylating agents (R-X, X = e.g. halogen) according to II to yield colored pigments 
[15]. 



R’-CH-CH-OH R'-C=CHR 2 

R 2 
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Method 

/. Epoxides: The chromatograms are dried in a stream of warm air, immersed in 
dipping solution I for 1 —2 s and then heated to 120—150°C for 15 — 30 min. They 
are then cooled to room temperature and immersed for 1 — 2 s in dipping solution 

II [1J. 

2. Acetylene derivatives and substances containing labile halogen: The dried 
chromatograms are homogeneously sprayed with spray solution I, dried in a 
stream of hot air and sprayed once more with the same solution. The color can 
then be intensified by spraying with sodium hydroxide solution (10' 5 mol/1) [8]. 

3. Alkylating agents: The chromatograms are freed from mobile phase, then 
sprayed homogeneously with spray solution I, dried briefly in a stream of cold air, 
sprayed homogeneously with spray solution II and then heated to 105 —140 °C for 
10—25 min. After cooling to room temperature they are then sprayed with spray 
solution III [9,10]. 

4. Organophosphorus insecticides: The chromatograms are freed from mobile 
phase, immersed in dipping solution I for 10 s and exposed to a saturated acetic 
anhydride atmosphere for 15 s. After heating to 110°C for 30 min the 
chromatogram is immersed for 10 s in dipping solution II and dried for a few 
minutes in a stream of cold air [16]. 

Trichothecenes, valepotriates, organophosphorus insecticides and alkylating agents 
yield blue [1, 7, 9, 16] and acetylene derivatives and substances containing labile 
halogens yellow to red-violet [8, 13] chromatogram zones on a colorless back¬ 
ground. The colors produced fade after a short period [7, 10]. By subsequently 
dipping the dried chromatogram in liquid paraffin — n-hexane (1+2; containing 
0.1% butylhydroxytoluene) for 2 s and drying the chromatogram once more in a 
stream of cold air the intensity of the colored chromatogram zones is increased 
and stabilized for more than 45 min. 
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Note: Trichothecenes and valepotriates only react when there is an epoxy group 
present in the molecule; their detection limits are in the range 25 - 200 ng substance 
per chromatogram zone [1]. The detection limits for acetylene derivatives are 100— 
800 ng substance per chromatogram zone, but not all give a positive reaction [8]. 

Spray solution I can also be employed as a dipping solution. Dipping solution II 
can be replaced by a freshly made up 10% methanolic solution of anhydrous 
piperazine. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000, cellulose, CN and 
RP layers. NH 2 layers are unsuitable, since no coloration is produced, as are Nano- 
SIL Cig UV 2 54 plates (Macherey-Nagel), since the whole plate background is 
colored violet. 

Procedure Tested 

Organophosphorus Insecticides [16] 


Mobile phase Chloroform — diethylether — toluene — n-hexane (29.3 

+ 25.7 + 20 + 25). 

Migration distance a. 6 cm; b. 2 cm 

Running time a. 20 min; b. 5 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air for 3 min and then immersed in dipping solution I for 10 s and exposed 
to a saturated acetic anhydride atmosphere for 15 s. After heating to 110°C for 
30 min the chromatogram was immersed for 10 s in dipping solution II and dried 
in a stream, of cold air. By subsequent dipping the plate into liquid paraffin — 
n-hexane (1 + 2 v/v; containing 0.1% butylhydroxytoluene) for 2 s and drying in 
a stream of cold air the intensity of the blue to violet chromatogram zones is 
increased and stabilized for more than 45 min. 

By this procedure it is possible to derivatize all of the 10 investigated organo¬ 
phosphorus insecticides (Fig. 1). 


Method Ascending, one-dimensional stepwise development in a twin 

trough chamber without chamber saturation. 


Layer HPTLC plates Silica gel 60 (Merck). 
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Fig. 1: Absorption scan of a chromatogram track with 150 ng 
of each substance per chromatogram zone: 1 = demeton-S- 
methylsuifone, 2 = dimethoate, 3a = transmevinphos, 

3 b = cis-mevinphos, 4 = demeton-S-methyl, 5 = triazophos, 
6 = azinphosmethyl, 7 = azinphos-ethyl, 8 = malathion, 

9 = parathion-methyl and 10 = parathionethyl. 
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In situ quantitation: The direct quantitative determination of the blue-violet deriva¬ 
tives should be made in reflectance at X = 580 nm. 
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Perchloric Acid Reagent 


Reagent for: 


• Steroids [1 — 8] 


• Bile acids [9,10] 


• Polystyrenes [11] 


• Antiepileptics [12—15] 


e.g. carbamazepine, primidone 


• Psychopharmaceuticals [12,16] 

hcio 4 

e.g. chlorodiazepoxide, diazepam, 

M, = 100.46 

nitrazepam, oxazepam 


• Phenobarbital [12] 


• Fatty acid esters [17] 


• Nucleosides, nucleotides [18] 


• Sugars [19, 20] 


• Indoles 


e.g. tryptophan, tryptamine [21] 



Preparation of Reagent 


Dipping solution Add 50 ml perchloric acid (70%) carefully to 50 ml water and 
after cooling dilute the mixture with 50 ml ethanol. 


Spray solution I 
Spray solution II 
Storage 


For steroids: 20% aqueous perchloric acid. 

For bile acids: 60% aqueous perchloric acid. 

The reagent solutions may be stored for an extended period of 
time. 


Substances Perchloric acid (60%) 

Perchloric acid (70%) 

Ethanol 

Reaction 

The reaction mechanism has not been elucidated. 


Method 

The chromatogram is freed from solvent, dipped in the reagent solution for 5 — 
10 s and then heated to 120-150°C for 5-10 min. (Caution: Remove perchloric 
acid from the back of the chromatographic plate!). 

Mainly colored zones are produced on a colorless background; they are fluorescent 
under long-wavelength UV light (A = 365 nm) and are suitable for quantitative 
analysis [9,10]. 

Bile acids also yield fluorescence when an only 5% perchloric acid is employed as 
reagent and the chromatogram is only heated to 100°C until coloration commences 
[9], Steroids can also be detected with 2% methanolic perchloric acid [4], 

Note: Heating for too long and to too high a temperature can lead to charring of 
the substances. For this reason heating, for example, to 80 °C for 30 min has also 
been recommended [11]. The dipping solution can also be employed as a spray 
solution. 

Danger warning: Perchloric acid sprays can condense in the exhausts of fume 
cupboards and lead to uncontrolled explosions! Dipping is to be preferred for this 
reason. 

The reagent can be employed on silica gel, kieselguhr and Si 50 000 layers. 


Procedure Tested 

Carbamazepine (13,14] 

Method Ascending, one-dimensional development in a trough 

chamber. After application of the samples the TLC plate 
was equilibrated in a chamber at 42% relative humidity for 
ca. 30 min and then developed immediately. 
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Layer HPTLC plates Silica gel 60 (Merck). Before application 

of the samples the plates were prewashed three times with 
chloroform - methanol (1 + 1) and dried at 110°C for 
30 min after each wash. 


Mobile phase 
Migration distance 
Running time 


Chloroform — acetone (16 + 3). 
7 cm 
20 min 


Detection and result: The chromatogram was dried in a stream of cold air, immersed 
in the reagent solution for 5 s, dried in the air and then heated to 120°C for 7 min. 
It could be inspected after allowing to cool for 30 min. Carbamazepine ( hR { 30— 
35) fluoresced blue in long-wavelength UV light (X = 365 nm). 

The fluorescence was stabilized and enhanced by a factor of 30 by dipping into a 
solution of liquid paraffin — chloroform — triethanolamine (10 + 60 + 10). 

The detection limit for carbamazepine was 50 pg per chromatogram zone. 

In situ quantitation: The direct fluorimetric analysis was carried out under long- 
wavelength UV light (2 CXC = 365 nm; 2 fl > 430 nm, Fig. 1). 
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Fig. 1: Fluorescence scan of (A) a blank and (B) a carbamazepine standard with 200 ng per 
chromatogram zone. Start (1), carbamazepine (2), solvent front (3). 



Peroxide Reagent 

(1-Naphthol — N 4 -Ethyl-N 4 - 
(2-methanesulfonamidoethyl)- 
2-methyl-l ,4-phenylenediamine 
Reagent) 


Reagent for: 


• Peroxides [1] 


e.g. hydrogen peroxide, per acids, diacylperoxides, 

hydroperoxides, ketone peroxides [1] 

o5 

J—\ / C 2 H 5 ' 1 .5 H 2 S0 4 • H 2 0 

h 2 n-M-n n 

chT c 2 h 4 -nh-so 2 -ch 3 

c 10 H 8 o 

Ci 2 H 21 N 3 0 2 S • 1,5H 2 S0 4 • H 2 0 

M r = 144.17 

M r = 436.25 

1-Naphthol 

Color developer 3 


Preparation of Reagent 

Dipping solution Dissolve 3 g 1-naphthol in 150 ml methanol and add 1350 ml 
water. Dissolve 0.5 g potassium disulfite (potassium metabi- 
sulfite) in this solution, add 20 ml glacial acetic acid and dissolve 
0.5 g iron(II) sulfate • 7H 2 0 followed by 2.2 g N 4 -ethyl-N 4 - 
(2-methanesulfonamidoethyl)-2-methyl- 1 ,4-phenylenediamine 
(sesquisulfate, monohydrate) (color developer 3, Merck). Care 
should be taken at each step that the solution has clarified 
before adding further components. 


i cn/Aiue iveugtzru 


joy 


Storage The dipping solution may be used for ca. 1 week. Later it slowly 

turns blue causing the plate background to deteriorate. 

Substances 1-Naphthol 

Color developer 3 
Potassium disulfite 
Iron(II) sulfate heptahydrate 
Methanol 

Acetic acid (glacial acetic acid) 


Reaction 

Under the influence of peroxides aromatic amines (color developer 3) react with 
phenols to yield quinone imines [1]. 

Oxidizing agent 

Aromatic amine + 1-Naphthol —--► Quinone imine dyestuff. 


Method 

The chromatograms are freed from mobile phase, immersed in reagent solution 
for 1 s or sprayed evenly with it and dried in a stream of cold air. Blue chromato¬ 
gram zones develop in a few minutes on a pale reddish background. 

Note: The detection limits for the various peroxides are from 0.5 to 2 pg substance 
per chromatogram zone [1]. The reaction works best when the reagent solution is 
3 — 5 days old; later the background absorption increases. The background color¬ 
ation that is produced on drying in a stream of cold air can be largely avoided by 
drying the plate after dipping in the absence of oxygen, first with a moist and then 
with a stream of dry nitrogen [1]. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and particularly 
sensitively [1] on cellulose layers. 
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Procedure Tested 

Dibenzoyl Peroxide in Acne Preparations [2] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Toluene-dichloromethane-glacial acetic acid (50+2+1). 

Migration distance 5 cm 
Running time 10 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 
of cold air, immersed in the reagent solution for 1 s and then dried in a stream of 
cold air for 15 min. At first reddish and then after 60 min violet chromatogram 
zones developed on a pink background (detection limit of dibenzoyl peroxide: ca. 
500 ng). 

Note: The background coloration could be avoided if the dipped chromatogram 
was stored in a chamber first over streaming moist nitrogen gas for 15 min and 


A 



Fig. 1: Reflectance scans of 5 gg dibenzoyl peroxide (a = 620 nm); after dipping the 
chromatogram was dried in (A) a stream of cold air and (B) in a stream of nitrogen. 
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then for a further 15 min over dry nitrogen gas. The zone intensity was then ca. 
30% less than when a stream of cold air was employed for drying (Fig. 1). 

In situ quantitation: The direct analysis was carried out at X = 510 nm if the zones 
were red in color and at X = 620 nm if they were violet. 
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1,2-Phenylenediamine — 
Trichloroacetic Acid Reagent 


Reagent for: 



• a-Keto acids 

e.g. ascorbic acid. 

^^nh 2 


dehydroascorbic acid [1] 

a. 

CCUCOOH 

• Sugars [2] 



c 6 h 8 n 2 

c 2 hci 3 o 2 


M r = 108.14 

M, = 163.39 


1,2-Phenylene- 

Trichloro- 


diamine 

acetic acid 


Preparation of Reagent 

Dipping solution Dissolve 50 mg 1,2-phenylenediamine in 50 ml 10% ethanolic 
trichloroacetic acid. 

The reagent solution should always be made up freshly. 

1,2-Phenylenediamine 
Trichloroacetic acid 
Ethanol 


Storage 

Substances 


1,2-Phenylenedumme- Trichloroacetic Acid Reagent Hi 

Reaction 

The following reactions are to be expected with ascorbic acid and dehydroascorbic 

acid: 



1. Ascorbic acid 



2. Dehydroascorbic acid 


Method 

The chromatogram is freed from mobile phase in a stream of cold air, either 
immersed in the reagent solution for 5 s or homogeneously sprayed with it and 
then heated to 110— 120°C for 10—15 min [2]. 

Chromatogram zones are produced which exhibit a green fluorescence under long- 
wavelength UV light (A = 365 nm). 

Note: The chromatogram can be dipped into liquid paraffin — n-hexane (1 + 2) 
for 1 s to stabilize the fluorescence. 

The reagent can be employed on silica gel, and cellulose layers. 
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Procedure Tested 

Ascorbic Acid and Dehydroascorbic Acid (1) 

Method Ascending, one-dimensional development in a twin-trough 

chamber with chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). Before application of 

the samples the layer was prewashed once with the mobile 
phase and dried at 110 Q C for 20 min. Before it was placed 
in the developing chamber the prepared HPTLC plate was 
preconditioned for 30 min at 0% relative humidity (over 
cone, sulfuric acid). 

Mobile phase Acetone — toluene — formic acid (60 + 30 + 10). 

Migration distance 6 cm 

Running time 11 min 

Detection and result: The chromatogram was dried in a stream of cold air for 

2 min, immersed in the dipping solution for 5 s and then heated to 110°C for 
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Fig. 1: Fluorescence scans of chromatogram tracks with 200 ng ascorbic acid (A) and 200 ng 
dehydroascorbic acid (B): Start (1), ascorbic acid (2), dehydroascorbic acid (3), /J-front (4). 


10 min. After cooling it was immersed for 1 s in liquid paraffin — n-hexane (1 + 2) 
to stabilize the fluorescence. 

In long-wavelength UV light (X = 365 nm) ascorbic acid (hR f 45 - 50) and 
dehydroascorbic acid (hRf 50-55) yielded green fluorescent zones on an orange- 
colored background. The detection limits were less than 5 ng substance per 
chromatogram zone. 

In situ quantitation: The fluorimetric determination was carried out under long- 
wavelength UV light (A exc = 365 nm, Xn = 546 nm, monochromatic filter; Fig. 1). 
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Phosphomolybdic Acid Reagent 


Reagent for: 

• Reducing substances 
e.g. antioxidants [1 — 3], ascorbic acid [4], 

isoascorbic acid [4, 5], vitamin E [1] 

• Steroids [6—9] 

• Bile acids, bile acid conjugates [9,10] 

• Lipids [11 —14], phospholipids [11,12] 

• Fatty acids [15] or their methyl esters [16] 

• Triglycerides [14,15] 

• Subst. phenols [5] 

• Indole derivatives [5] 

• Prostaglandins [17] 

• Components of essential oils 
e.g. carvone, agarofuran [18] 

• Morphine [5] 

Preparation of Reagent 

Dipping solution Dissolve 250 mg phosphomolybdic acid (molybdatophospho- 
ric acid) in 50 ml ethanol. 

Spray solution Dissolve 2—20 g phosphomolybdic acid in 100 ml ethanol 
[1 -3, 6 — 11, 13, 16], in 2-propanol - methanol (70 + 30) [14] 
or in water [5,12]. 

Storage The solutions may be stored in the dark for ca. 10 days [14]. 

Substances Molybdatophosphoric acid hydrate 
Ethanol 



Phosphomolybdic Acid Reagent i'l l 

Reaction 

\ large number of organic substances can be oxidized with phosphomolybdic 
acid, whereby a portion of the Mo(VI) is reduced to Mo(IV), which forms blue- 
crey mixed oxides with the remaining Mo(VI). 

2Mo0 3 -* Mo0 2 • M 0 O 3 

Reduction 


Method 

Dry the chromatogram in a stream of warm air and immerse for 2 — 3 s in the 
reagent solution or spray the layer with it until this acquires an even yellow 
coloration and dry in a stream of warm air (ca. 2 min). 

Blue zones appear immediately or after a few minutes on a yellow background. 
The background can then be lightened [7] by placing the chromatogram in a twin- 
trough chamber whose second trough contains 25% ammonia solution. 

Note: Occasionally in order to achieve optimal color development a brief heating 
is to be recommended after dipping or spraying (normally at 105 — 120°C for 
10 min, or in the case of saturated lipids at 150— 180°C). This also causes sugars 
to yield blue derivatives. Heating for too long can result in the background being 
darkened [11]. The detection sensitivity can be improved by adding 4 ml cone, 
hydrochloric acid to every 100 ml reagent solution. 

The detection limit per chromatogram zone is 50—200 ng for lipids [11], 200— 
400 ng for antioxidants [3] and several ng for ascorbic acid. 

The phosphomolybdic acid reagent can be employed on silica gel, aluminium 
oxide, polyamide, RP-2, RP-18 and cellulose phases and also on silver nitrate- 
impregnated silica gel [13]. 


Procedure Tested 

Lecithin, Sphingomyelin [19] 

Method Ascending, one-dimensional development in a linear cham¬ 

ber (Camag). 
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Phosphomolybdic Acid Reagent 379 


Layer HPTLC plates Silica gel 60 (Merck). 

Before applying the sample it was best to prewash the layel 
with mobile phase (Fig. 1) and then activate at 120 °C fotj 
15 min. j 

Mobile phase Chloroform — methanol — water (30 + 10 + 1.4). < 


Migration distance 5 cm 
Running tune 10 min 


Detection and result: The chromatogram was dried in a stream of cold air foi 
2 min and sprayed three times with the spray reagent until it began to appeal 
transparent. The plate was dried in cold air after each spray step and finally heated 
to 120°C for 15 min. Lecithin (hR f 15) and sphingomyelin (hR f 5 — 10) appeared 
as dark blue zones on a yellow background (Fig. 1). 

In situ quantitation: The photometric analysis was performed in reflectance at 
A = 650 nm. 
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Fig. 1: Reflectance scan of chromatogram tracks (A: layer prewashed with mobile phase, B: 
with methanol) with 750 ng each substance per chromatogram zone. Sphingomyelin (1)] 
lecithin (2). 
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o-Phthalaldehyde Reagent 

(OPT, OPA) 


Reagent for: 



• Primary amines [1 —6] 



e.g. aminoglycoside antibiotics 

oc CHO 

X 

o 

1 

X* 

o 

1 

eg 

X 

o 

1 

CO 

X 

• Amino acids [1, 2, 7—9] 



• Peptides [4, 8, 9] 

c 8 h 6 o 2 

C 2 H 6 OS 

• Imidazole derivatives [1] 

M r = 134.14 

M r = 78,13 

o-Phthalal- 

2-Mercapto- 

• Indole derivatives 

dehyde 

ethanol 

e.g. pindolol [10] 


hydroxyindolylacetic acid [11 
bufotenine [14,15] 

-14] 


serotonin, 5-hydroxytryptamine [11,14—17] 


• Ergot alkaloids [18,19] 




Preparation of Reagent 

Dipping solution Make 0.1 g o-phthalaldehyde (phthaldialdehyde, OPA) and 
0.1 ml 2-mercaptoethanol (2-hydroxy-l-ethanethiol) up to 
100 ml with acetone. 

Storage The reagent solution is stable for several days when stored in 

the dark at room temperature. 

Substances Phthaldialdehyde 

2-Mercaptoethanol 
Acetone 


Reaction 


In the presence of 2-mercaptoethanol o-phthalaldehyde reacts with primary amines 
to yield fluorescent isoindole derivatives [20]: 



+ h 2 n-r + hs-ch 2 -ch 2 -oh 



o-Phthalaldehyde Amine 2-Mercaptoethanol Fluorescing derivative 


Method 

Immerse the dried chromatogram for 1 s in the reagent solution and then heat to 
40 - 50 °C in the drying cupboard for 10 min. 

Substance zones are produced that mainly yield blue fluorescence under long- 
wavelength UV light (2 = 365 nm) (indoles occasionally fluoresce yellow [15]), 
colored zones are also produced occasionally. The fluorescence is stabilized by 
immersing in 20% methanolic polyethylene glycol solution [5]. 

For the detection of the ergot alkaloids 0.2 g o-phthalaldehyde in 100 ml cone, 
sulfuric acid (!) [15] or buffer solution is employed as spray solution. Cysteine 
[11, 12, 15, 19] or sulfurous acid [17] is occasionally substituted for mercapto- 
ethanol. 

Note: The reagent can be employed on silica gel, alumina and silica gel plates but 
not on amino or polyamide layers. The dipping solution can also be employed as 
a spray solution. 

If the reaction proves difficult the TLC plate should first be dipped in 1 % solution 
of triethylamine in acetone or in a solution of 1 to 2 drops sodium hydroxid 
solution (c = 10 mol/1) in methanol to optimize the pH for the reaction. This effect 
can also be achieved by employing borate buffer, pH = 11, instead of acetone in 
the spray reagent [10,11]. 

Since the fluorescence intensity of the zones on silica gel layers is reduced after a 
few minutes the determination of aromatic amino acids is usually performed on 
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cellulose layers, where the fluorescence remains stable for a longer period of time 
[8], Under these conditions proline can still be detected after heating the plate to 
110°C for 1 h, while the other zones fade. 

The detection limits for amino acids and peptides are between 50 and 200 pmol 
per chromatogram zone [9], 400 pg for 5-hydroxyindolylacetic acid [11] and 300 pg 
for dihydroxyergotoxin [19]. 


Procedure Tested 

Gentamycin C Complex [21] 


Method 


Layer 


Mobile phase 


Ascending, one-dimensional development in a twin-trough 
chamber (Camag) with 5 ml ammonia solution (25%) in the 
trough free from mobile phase. Chamber saturation: ca. 
15 min; development at 10 —12°C. 

HPTLC plates Silica gel 60 (Merck), prewashed by 
developing three times with chloroform - methanol (1+1) 
and drying at 110°C for 30 min after each development. 

Chloroform — ethanol - ammonia solution (25%) (10 
+ 9 + 10); the lower organic phase was used for chromatog¬ 
raphy. 


Migration distance ca. 5 cm 


Running time ca. 20 min 


Detection and result: The chromatogram was freed from mobile phase for ca. 
45 min in a current of cold air, immersed for 1 s in the reagent solution and dried 
in the air. 

Alongside gentamycin C : (hR f 45-50) and gentamycin C u (hR f 35-40), genta- 
mycins C 2 and C 2a formed a common zone (hR f 40-45; Fig. 1). 

Quantitation could be performed fluorimetrically: 2 CIC = 313 nm, /ln>390nm. 
The chromatogram was first immersed for 1 s in a solution of liquid paraffin - 
«-hexane (1 + 2) to stabilize the fluorescence. The detection limit was ca. 30 ng per 
chromatogram zone for each substance. 
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Fig. 1: Fluorescence scan of (A) a blank track and (B) a standard gentamycin mixture (800 ng 
C complex per application). Start (1), gentamycin C la (2), C 2 /C 2 , (3), C, (4), solvent front 


( 5 ). 
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Picric Acid — Perchloric Acid 
Reagent 


Reagent for: 

• zd 5 -3/?-Hydroxysteroids [1] 

• Sterols 

e.g. cholesterol [1, 2] 
coprostanol [2] 



c 6 h 3 n 3 o 7 

M r = 229.11 
Picric acid 


HC10 4 
M r = 100.47 
Perchloric acid 


Preparation of Reagent 

Dipping solution Dissolve 100 mg picric acid (2,4,6-trinitrophenol) in 36 ml 
acetic acid (96%) and carefully add 6 ml perchloric acid (70%). 

Storage The dipping solution should be freshly made up before use. 

Substances Picric acid 

Acetic acid (96%) 

Perchloric acid (70%) 


Reaction 

Presumably perchloric acid oxidizes the steroids at ring A and these then form 
charge transfer complexes with picric acid. 
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Ficric Acid — Ferchloric Acid Reagent 


Method 

After drying in a stream of cold air the chromatogram is immersed in the reagent 
solution for 1 s and heated to 70 — 75 °C for 3 — 5 min (until the color develops 
optimal intensity). Red-colored zones are usually formed on a white background; 
occasionally, however, yellow to brown chromatogram zones, which gradually 
fade, are formed on a white to pale yellow background [1], 

Note: The reagent can be employed on silica gel and cellulose layers. The coloration 
of the stained chromatogram zones is dependent on the temperature and duration 
of heating. For instance, cholesterol appears bluish-pink after heating to 75 — 
80 °C for 3 —5 min [1], but yellow to brown-colored after heating for 20 — 30 min 
(cf. “Procedure Tested”). 

Warning of danger: The perchloric acid-containing reagent should not be employed 
as a spray solution for reasons of safety. 

Procedure Tested 

Cholesterol, Coprostanol [21 

Method Ascending, one-dimensional development in a trough cham¬ 

ber. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). The plates were 

prewashed by developing once to the upper edge with 
chloroform - methanol (1 + 1) and then activated at 110°C 
for 30 min. 

Mobile phase Cyclohexane - diethyl ether (10 -I-10). 

Migration distance 6 cm 
Running tune ca. 15 min 

Detection and result: The developed chromatogram was dried in a stream of cold 
air, immersed in the reagent solution for 1 s and heated to 80 °C for 20 — 30 min 
(until optimal color development occurred). Yellow to brown-colored zones were 
produced on a pale yellow-colored background; these were suitable for quantita¬ 
tive analysis. The detection limits for cholesterol ( hR { 20 — 25) and coprostanol 
25 — 30) were a few nanograms per chromatogram zone. 


In situ quantitation: The absorption-photometric analysis was carried out at 

; = 378 nm. 
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Fig. 1: Absorption scan of a chromatogram track with 250 ng cholesterol and 500 ng 
coprostanol per chromatogram zone. Cholesterol (1), coprostanol (2). 
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Pinacryptol Yellow Reagent 



Preparation of Reagent 

Dipping solution Dissolve 100 mg pinacryptol yellow in 100 ml ethanol (95%) 
with gentle heating. 

Spray solution Dissolve 100 mg pinacryptoL yellow in 100 ml water with boil¬ 
ing [2, 3] or in ethanol (95%) with heating [8, 10]. 

Storage The reagent solution may be stored for several months in the 

dark. 

Substances Pinacryptol yellow 

Ethanol 


Reaction 

The reaction has not been elucidated. An exchange of counterions is probable in 
the case of anionic compounds [8]. 


S IT 


Method 

The chromatogram is freed from mobile phase in a stream of warm air and either 
immersed for 2 s in the dipping solution or homogeneously sprayed with it until 
the layer begins to be transparent. In the case of detergents the chromatograms 
are evaluated while still moist [3], in the case of sweeteners after drying for 10 min 
in the dark [10]. 

Fluorescent chromatogram zones are produced on a dark or fluorescent back¬ 
ground under long-wavelength (2 = 365 nm) and occasionally short-wavelength 
UV light (A = 254 nm). 

Note: Detergents fluoresce blue, yellow or orange [1, 3, 5, 6]. On cellulose layers 
aliphatic organic anions with chain lengths of at least 3 C atoms yield yellow to 
orange fluorescence on a pale green background; increasing chainlength of the 
organic part of the molecule has a positive effect and hydroxyl groups a negative 
effect on the fluorescence intensity [8], Inorganic anions, carboxylic acids and 
amino acids do not react [8]. Cyclamate fluoresces orange and saccharin and dulcin 
can be recognized as orange and dark violet zones respectively [10]. 

The reported detection limits per chromatogram zone are 5 - 50 pg for detergents 
[ 3 , 5 ], 0.025 — 5 pg for aliphatic phosphate, phosphonate, sulfate, sulfonate and 
sulfamate ions [8] and 0.2-1 pg for sweeteners [10], 

The reagent can be employed on silica gel, cellulose, polyamide and alumina layers. 


Procedure Tested 

Sweeteners [10,11] 

Method Ascending, one-dimensional double development in a 

trough chamber with chamber saturation. 

Layer HPTLC plates Cellulose (Merck). 

Mobile phase Ethyl acetate — acetone — a m monia (25%) (6 + 6 + 1). 

Migration distance 2 x 8 cm 

Running time 2x10 min with 5 min intermediate drying in a stream of 

warm air. 
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Detection and result: The HPTLC plate was freed from mobile phase, immersed 
in the reagent solution for 2 s, dried for a few seconds in a stream of cold air and 
then immediately stored in the dark for 10 min. 

In long-wavelength UV light (A = 365 nm) cyclamate (hR t 5 — 10) appeared as a 
light orange fluorescent zone while saccharin (hR f 15 — 20) and acesulfame (hR s 
25 — 30) yielded violet and brownish zones respectively on a pale blue fluorescent 
background. Under the chromatographic conditions chosen dulcin lay in the 
region of the front. The fluoresence colors are concentration-dependent. At A = 
254 nm the sweeteners were detectable as weak light fluorescent zones. 

In situ quantitation: The fluorimetric determination was carried out at A eic = 
313 nm and A fl = 365 nm (monochromatic filter M 365; Fig. 1). 
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Fig. 1: Fluorescence scan of a chromatogram track with 3 gg each of acesulfame and sac¬ 
charin and 2.25 gg of cyclamate pier chromatogram zone. Cyclamate (1), saccharin (2), 
acesulfame (3). 
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Potassium Hexacyanoferrate(III) — 
Ethylenediamine Reagent 


Reagent for: 



• Catecholamines [1—4] 


h 2 n-ch 2 ch 2 -nh 2 

• 3,4-Dihydroxyphenyl- 
acetic acid [5] 

K 3 (Fe(CN) 6 ) 

M, = 329.26 

c 2 h 8 n 2 

M r = 60.10 

• 3-Hydroxytyramine [5] 

Potassium hexacyano- 
ferrate(III) 

Ethylenediamine 


Preparation of Reagent 

Dipping solution Mix 20 ml methanol and 5 ml ethylenediamine and then add 
5 ml of a solution of 0.5 g potassium hexacyanoferrate(III) in 
100 ml water. 

Storage The solution may be kept in the refrigerator for 1 week; how¬ 

ever, it should always be freshly prepared for in-situ quantita¬ 
tion [3]. 

Substances Methanol 

Ethylenediamine 

Potassium hexacyanoferrate(III) 


Reaction 

On oxidation by potassium hexacyanoferrate(III) adrenaline is converted into 
adrenochrome which then condenses with ethylenediamine: 


Potassium Hexacyanojerratef 111) — hthyleneaiamine neageni ivi 



Adrenaline Ethylene— Condensation 

diamine product 


Method 

The chromatograms are dried thoroughly in a stream of warm air, immersed in 
the reagent solution for 1 s, dried in the air and heated in the drying cupboard at 
65 C for 30 min. 

Fluorescent zones, which are suitable for quantitation [2], are visible in long- 
wavelength UV light (A > 400 nm). 

Note: The dipping solution may also be used as a spray solution [2], Catechol¬ 
amines are only separable on silica gel layers as their triacetyl derivatives but they 
can be separated underivatized on cellulose layers [4]. 

Procedure Tested 

Adrenaline, Noradrenaline, Dopamine, Dopa as Triacetyl Derivatives [6] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber. After application of the sample the layer was equilibrat¬ 
ed for 30 min in a conditioning chamber at 18% relative 
humidity and then developed immediately. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase Acetone — dichloromethane - formic acid (50 + 50 + 1). 

Migration distance 8 cm 

Running time 20 min 

Detection and result: The chromatogram was dried in a stream of warm air, 
immersed in the freshly prepared reagent solution for 1 s and then heated to 80 C 
for ca. 15 min. Blue-yellow fluorescent zones were visible under long-wavelength 
UV light (A = 365 nm). 
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In situ quantitation: The fluorimetric analysis was performed at l eic = 405 nm and 
the fluorescent light was measured at if, > 460 nm. The detection limits were 
200 pg dopamine (hR ( 65-70), 400 pg adrenaline (hR f 55 - 60) or noradrenaline 
(hR f 45 — 50) and 1 — 2 ng dopa (hR f 80 — 85) per chromatogram zone (-Fig. 1). 
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Fig-1: Fluorescence scan of the catecholamine derivatives (each ca. 10 ng) of noradrenaline (1), 
adrenaline (2), dopamine (3), dopa (4). 
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Potassium Hexacyanoferrate(III) — 
Sodium Hydroxide Reagent 


Reagent for: 

• Vitamin Bi and its phosphates [1—2] K 3 (Fe(CN) 6 ) 

• Adrenaline, noradrenaline, isoprenaline [3] M, = 329.25 


Preparation of Reagent 

Dipping solution First dissolve 10 mg potassium hexacyanoferrate(III) and then 
1 g sodium hydroxide pellets in 7 ml water and then dilute the 
solution with 20 ml ethanol. 

Storage The dipping solution should be prepared fresh before use, since 

it is unstable. 

Substances Potassium hexacyanoferrate(III) 

Sodium hydroxide pellets 
Ethanol 


Reaction 

Potassium hexacyanoferrate(III) forms, for example, fluorescent thiochrome with 
vitamin B x : 
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Method 

The developed chromatograms are dried in a stream of warm air for 1 min, then 
after cooling they are immersed in the reagent solution for 1 s and dried again in 
a stream of warm air for 30 s. 

The dipping solution can also be used as a spray solution; other concentrations 
are also reported in the literature [1 — 3]. 

Vitamin B, and its phosphates yield bluish to bright blue fluorescent zones in 
long-wavelength UV light (A = 365 nm). But adrenaline, noradrenaline, dopa and 
isoprenaline yield red colors and dopamine blue. Noradrenaline yields an orange- 
colored fluorescence in long-wavelength UV light (A = 365 nm). 

Note: The reagent may be applied to silica gel, kieselguhr. Si 50000 and cellulose 
layers. 


Procedure Tested 


Vitamin B, [2| 


Method 


Layer 


Mobile phase 


Ascending, one-dimensional development in a twin-trough 
chamber with chamber saturation. After application of the 
samples the layer was equilibrated for 15 min in the mobile 
phase-free part of the twin-trough chamber. 

HPTLC plates Silica gel 60 (Merck) which were prewashed 
once to the upper edge of the plate with chloroform - 
methanol (1 + 1) and then dried at 110°C for 30 min. 

Methanol — ammonia solution (25%) — glacial acetic acid 

(8 + 1 + 1 ). 


Migration distance 6 cm 


Running time ca. 20 min 


paraffin - triethanolamine (6 + 1 + 1) for 1 s to enhance (by a factor of 2) and 
stabilize the fluorescence and dried again in a stream of warm air for 30 s. 

Under long-wavelength UV light (A = 365 nm) thiamine (A/? r 40 — 45) appeared as 
a bluish fluorescent zone which could be employed for quantitative analysis 
(Fig. 1). The detection limit was 500 pg vitamin Bi per chromatogram zone. 


In situ quantitation: The fluorimetric quantitation took place under long-wave¬ 
length UV light (A„ c = 365 nm, A„ > 430 nm). 



Fig. 1 Fluorescence scan of a blank track (A) and of a chromatogram track with 5 ng thiamine 
per chromatogram zone (B). 
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Detection and result: The chromatogram was dried in a stream of warm air for 
1 min, after cooling it was immersed for 1 s in the reagent solution. After redrying 
in a stream of warm air it was dipped into a mixture of chloroform — liquid 



Pyrocatechol Violet Reagent 


Reagent for: 

• Metal ions (cations) [1—4] 
e.g. tin in organometallic 

compounds (stabilizers) [1 — 3] 
molybdenum, tungsten [4] 



C19H14O7S 

M, = 386.38 


Preparation of Reagent 

Dipping solution Dissolve 100 mg pyrocatechol violet (pyrocatecholsulfophtha- 
lein) in 100 ml ethanol. 

Storage The reagent should always be freshly made up. 

Substances Pyrocatechol violet 

Ethanol (96%) 

Reaction 

Pyrocatechol violet forms colored complexes with a variety of metal ions, the 
complexes are stable in differing pH ranges. 


Method 

The chromatogram is freed from mobile phase, dipped for 1 s in the reagent 
solution or sprayed evenly with it until the plate begins to be transparent and dried 
in a stream of cold air. 


Colored zones are formed (tin: violet-red to blue) on a yellow ochre background 

[3]- 

Note: The dipping solution can also be employed as a spray reagent. 

Organotin compounds must first be decomposed before using the reagent [1 — 3]. 
This can be done by first heating the chromatogram to 110°C for 30 min and then 
exposing it to saturated bromine vapors for 60 min (7 — 9 drops bromine in a 
chamber), the excess bromine is then allowed to evaporate in the air (10 min) and 
the plate is treated with the dyeing reagent [1, 3]. Quantitative determinations 
should be made at X = 580 nm, the detection limits for organotin compounds are 
in the 10-20 ng per chromatogram zone range [3]. 

The reagent can be employed on silica gel, kieselguhr, Si 50 000 and cellulose 
layers. 


Procedure Tested 


Organotin Compounds |3,5] 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation. 

HPTLC plates Silica gel 60 (Merck). 

Methyl isobutyl ketone - pyridine - glacial acetic acid 
(97.5 + 1.5 + 1). 

5 cm 
10 min 


Detection and result: The chromatogram was freed from mobile phase (heated to 
110°C for 30 min) and then exposed to bromine vapor for 1 h in a chamber, after 
blowing off excess bromine from the layer it was immersed for 1 s in the reagent 
solution. On drying in air dibutyltin dilaurate (hR, 25 - 30), dibutyltin dichloride 
(hR f 25-30) dioctyltin oxide (hR f 40), tributyltin oxide (hR ( 80), tributyltin 
chloride (hRf 80) and tetrabutyltin (hR, 85-90) produced persistent blue zones 
on a yellow ochre background (Fig. 1). 

In situ quantitation: The analysis is performed at A = 580 nm. The detection limits 
for the di- and trialkyltin compounds are 10—20 ng and for tetrabutyltin 500 ng 
per chromatogram zone (Fig. 2). 
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Fig. 1 : Chromatogram of organotin compounds. Dibutyltin dilaurate (1), dibutyltin dichlor¬ 
ide (2), dioctyltin oxide (3), tributyltin oxide (4), tributyltin chloride (5), tetrabutyltin (6). 



50 ng 100 ng 200 ng 


Fig. 2: Absorption scans of chromatograms with 50, 100 and 200 ng dibutyltin dichloride 
per chromatogram zone. 
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Rhodamine B Reagent 


Reagent for: 


• Lipophilic substances, lipids [1 - 3] (c 2 h 5 ) 2 n 

e.g. triglycerides [3], gangliosides [2] 

fatty acids and fatty acid methyl esters [3, 4] 
fatty alcohol dinitrobenzoates [5] 

• Prenols, prenylquinones, prenyl vitamins [6] 

• Polyphenols [7] 

• Flavonols [8] 

• Detergents [9] 


-N(c 2 H 5 ) 2 


C 28 H 31 C1N 2 0 3 
M t = 479.02 


Preparation of Reagent 

Dipping solution Dissolve 50 mg rhodamine B in 200 ml water. 

Spray solution Dissolve 10 to 500 mg rhodamine B in 100 ml ethanol [3, 7], 
methanol [5] or water [2]. 

Storage Both reagent solutions may be stored over a long period. 

Substances Rhodamine B (C.I. 45170) 

Ethanol 

Reaction 

Because it contains amino and carboxylic groups rhodamine B tends to form 
zwitter ions which easily associate and can accumulate in lipophilic chromatogram 

zones. 


Rhodamine ts Reagent 
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Method 

The chromatograms are freed from mobile phase and immersed in the reagent 
solution for 1 s or evenly sprayed with it. Red-violet zones are usually formed on 
a pink background; they fluoresce a deeper red than their surroundings in long- 
wavelength UV light (2 = 365 nm). 

Note: Rhodamine B is a universal reagent that can be used on silica gel, talc, starch 
[5] and cellulose layers, just as on urea [1] or silver nitrate-impregnated [7] phases. 
Liquid paraffin-impregnated silica gel and RP layers are less suitable, since the 
background to the chromatographic zones is also intensely colored. It is often 
possible to increase the detection sensitivity by placing the plate in an atmosphere 
of ammonia after it has been sprayed or dipped, alternatively it can be oversprayed 
with sodium or potassium hydroxide solution. 


Procedure Tested 

Fatty Adds [10] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 

Layer TLC plates Kieselguhr (Merck), which were impregnated 

before application of the samples by a single development 
in a 1 % solution of viscous paraffin oil in petroleum ether. 

Mobile phase Acetic acid — acetone — water (40 + 20 + 4). 

Migration distance 17 cm 
Running time 60 min 

Detection and result: The chromatogram was freed from mobile phase and im¬ 
mersed in the reagent solution for 1 s. Arachidic acid ( hR, 15 — 20), stearic acid 
(hR, 30—35), palmitic acid (hR, 50 — 55), myristic acid (hR, 60 — 65) and lauric 
acid (hR, 70 — 75) appeared as pink zones on a reddish background. 

The reaction was not particularly sensitive on paraffin-impregnated kieselguhr 
layers because of background coloration. For quantitation it was better to use the 
five-fold more sensitive rhodamine 6G reagent (q.v.). 


Rhodamine & Reagent 
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Rhodamine 6G Reagent 



Preparation of Reagent 

Dipping solution Dissolve 50 mg rhodamine 6G in 100 ml ethanol (96%). 

Spray solution Dissolve 100 mg rhodamine 6G in 100 ml ethanol (96%). 

Storage Both reagent solutions may be stored for an extended period. 

Substances Rhodamine 6G (C.I. 45160) 

Ethanol 

Reaction 

Rhodamine 6G accumulates in lipophilic chromatogram zones giving rise to a 
stronger fluorescence than in their surroundings. 


Rhodamine OU Reagent 
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Method 

The chromatograms are freed from mobile phase and immersed in the reagent 
solution for 1 s or evenly sprayed with it. Pink-colored chromatogram zones are 
usually formed on a red-violet background, these fluoresce deeper yellow-orange 
than their environment in long-wavelength UV light (2 = 365 nm). 

Note: Rhodamine 6G is a universal reagent which can also be incorporated in the 
TLC layers [4, 9] or added to the mobile phase [4], The spray reagent can also be 
made up in water [8], acetone [4, 6] or ammonia solution (c = 2.5 mol/1) [5]. The 
visual detection limit is most favorable when the water from the mobile phase or 
the detection reagent has not completely evaporated from the layer. This can be 
recognized by the fact that the background fluorescence has not turned from red 
to pink [4]. 

It is often possible to increase the detection sensitivity in visible light by exposing 
the dipped or sprayed chromatogram to ammonia vapors; it can also be sprayed 
with caustic soda or potash solution. When this is done the fluorescence intensity 
is reduced on silica gel layers and increased on RP ones. 

The reagent can be employed on silica gel, kieselguhr, cellulose and Florisil layers; 
these can also be impregnated, if desired, with silver nitrate. 

Procedure Tested 

Fatty Acids [101 

Method Ascending, one-dimensional development in a trough cham¬ 

ber. 

Layer HPTLC plates RP-18 without fluorescence indicator 

(Merck). 

Mobile phase Acetone — acetonitril — 0.1 mol/1 aqueous lithium chloride 

solution (10+10+1). 

Migration distance 7 cm 

Running time 8 min 

Detection and result: The chromatogram was freed from mobile phase and im¬ 
mersed for 1 s in the reagent solution. Arachidic acid ( hR f 35 — 40), stearic acid 
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(hR f 40 — 45), palmitic acid (hR< 45 — 50), myristic acid (hR f 55—60) and lauric 
acid (hRf 60 — 65) appeared as pink-colored zones on a red-violet background; 
these fluoresced a deeper yellow-orange than their environment in long-wavelength 
UV light (k = 365 nm) (Fig. 1). 

In situ quantitation: The fluorimetric analysis was carried out in long-wavelength 
UV light (/„<. = 365 nm; k n > 560 nm). The detection limit for fatty acids was ca. 
100 ng per chromatogram zone. 
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Fig. 1 : Fluorescence scan of a fatty acid mixture with 500 ng substance per chromatogram 
zone. Arachidic acid (1), stearic acid (2), palmitic acid (3), myristic acid (4), lauric acid (5). 
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Silver Nitrate — 
Sodium Hydroxide Reagent 


Reagent for: 

• Carbohydrates 

e.g. mono- and oligosaccharides [1 — 8] 
sugar alcohols [4, 9] 

AgN0 3 NaOH 
M, = 169.87 M, = 40.0 
Silver nitrate Sodium 
hydroxide 


Preparation of Reagent 


Dipping solution I Make 1 ml of a saturated aqueous silver nitrate solution up 
to 200 ml with acetone. Redissolve the resulting precipitate 
by adding 5 ml water and shaking. 

Dipping solution II Dissolve 2 g sodium hydroxide pellets in 2 ml water with 
heating and make up to 100 ml with methanol. 

Storage Dipping solution I should be prepared freshly each day, 

dipping solution II may be stored for several days. 


Substances Silver nitrate 

Sodium hydroxide pellets 

Acetone 

Methanol 


Reaction 

The ionic silver in the reagent is reduced to metallic silver by reducing carbo¬ 
hydrates. 


Method 

The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in solution I for 1 s or sprayed evenly with it, then dried in a stream of cold air, 
immersed in solution II for 1 s or sprayed with it and finally heated to 100 °C for 

1—2 min. 

Occasionally even without wanning brownish-black chromatogram zones are 
produced on a pale brown background. 

Note: The background can be decolorized by spraying afterwards with 5% aqueous 
ammonia solution and/or 5-10% sodium thiosulfate in 50% aqueous ethanol 
[2, 3], The sodium hydroxide may be replaced by potassium hydroxide in dipping 
solution II [4]. 

The reagent may be employed on silica gel, cellulose and cellulose acetate layers. 


Procedure Tested 


Sugar Alcohols [9] 


Method 


Layer 


Mobile phase 


Ascending, one-dimensional development in a trough cham¬ 
ber with chamber saturation (15 min). 

HPTLC plates Si 50 000 (Merck). Before application of the 
sample the plates were prewashed once by developing in 
chloroform — methanol (50 + 50) and then dried at 110°C 
for 30 min. 

1-Propanol — water (18+ 2). 


Migration distance 7 cm 
Running time 1 h 


Detection and result: The chromatogram was dried in a stream of cold air, immersed 
in dipping solution I for 1 s, then dried in a stream of cold air, immersed in dipping 
solution II for 1 s and finally heated to 100°C for 1 —2 min. 

The sugar alcohols sorbitol (hR f 15 — 20), mannitol (hRf 20—25) and xylitol (hRf 
30-35) appeared as light to dark brown chromatogram zones on a beige-colored 
background. The detection limits were 1 ng substance per chromatogram zone. 




410 Silver Nitrate — Sodium Hydroxide Reagent 


In situ quantitation: The photometric determination of absorption in reflectance 
was carried out at a mean wavelength of X = 530 nm (Fig. 1). 
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Fig. 1: Reflectance scan of a chromatogram track with 50 ng substance per chromatogram 
zone: sorbitol (1), mannitol (2), xylitol (3). 
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Sulfuric Acid Reagent 


Reagent for: 

• Steroids [1 — 3] 

e.g. estrogens, androgens, anabolics [1 —4] 
bile acids [2, 5, 6] 
cholesterol, cholesteryl esters [7] 

• Steroid conjugates [6, 8, 9] 

• Sapogenins, saponins [2,10] H 2 S0 4 

• Spironolactone, canrenone [11] ~ ^ 

• Cardiac glycosides [2] 

• Alkaloids [2] 

• Gibberellins [12] 

• Prostaglandins [13] 

• Lipids 

e.g. fatty acids [13], ceramides [14] 
phospholipids [15] 

• Phenothiazines [16] 

• Triphenodioxazines [17] 

• Mycotoxins 

e.g. aflatoxins, trichothecenes [12—20] 

• Antibiotics [21, 22] 

• Vitamin A acid [23] 
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Preparation of Reagent 


Dipping solution Add 10 ml sulfuric acid (95-97%) cautiously to 85 ml water 
while cooling with ice and add 5 ml methanol after mixing 
thoroughly. 

Spray solution Add 5 —10 ml sulfuric acid cautiously under cooling to 85 to 
95 ml acetic anhydride [1], ethanol [1], butanol [5] or methanol 
[ 111 - 

Storage The dipping solution may be kept at 4°C for an extended 

period. 


Substances Sulfuric acid (95 —97%) 

Acetic anhydride 
Methanol 
Ethanol absolute 


Reaction 

The reaction mechanism has not yet been elucidated. 


Method 

The chromatogram is dried in a stream of warm air for 10 min, immersed in the 
dipping solution for 1 — 2 s or evenly sprayed with the spray solution, dried in a 
stream of warm air and then heated to 95 — 140'C for 1—20 min. 

Under long-wavelength UV-light (A = 365 nm) characteristic substance-specific 
yellow, green, red or blue fluorescent chromatogram zones usually appear which 
are often recognizable in visible light [7] — sometimes even before heating [2] — 
as colored zones on a colorless background and which are suitable foi 
fluorimetric analysis [1], 


temperature [2] and on the solvent employed [1]. For instance, the detection of 
prostaglandins is most sensitive after heating to 80°C for only 3-5 min [13]. 

The following detection limits (substance per chromatogram zone) have been 
reported: steroids (1 —10 ng) [1,2], steroid conjugates (< 50 ng) [8], prostaglandins 
(< 1 ng) [13], phenothiazines (2 pig) [16], 

The reagent can be used on silica gel, kieselguhr, Si 50000 and RP layers. 


Procedure Tested 

Cis-/trans-Diethylstilbestrol, Ethinylestradiol [24] 

Method Ascending, one-dimensional development in a twin-trough 

chamber with the spare trough containing 2 ml (25%) am¬ 
monia solution. Before development the HPTLC plate was 
preconditioned with eluent vapors for ca. 60 min. 

Layer HPTLC plates Silica gel 60 (Merck); prewashed by triple 

development with chloroform - methanol (50 + 50) and 
then heated to 110°C for 30 min. 

Mobile phase Chloroform — methanol (19 + 1). 

Migration distance 5 cm 

Running time ca. 10 min 

Detection and result: The chromatogram was freed from mobile phase and am¬ 
monia vapors and immersed twice for 10 s in reagent solution, with intermediate 
drying in a stream of cold air, and then heated to 95°C for 12 min. The steroid 
derivatives were then visible under long-wavelength UV light (A = 365 nm) as light 
blue fluorescent zones on a dark background: cis-diethylstilbestrol ( hR, 15 — 20), 
trans-diethylstilbestrol (hR, 40—45) and ethinylestradiol (hR, 50-55). 


Note: Sulfuric acid is a universal reagent, with which almost all classes of substance 
can be detected by charring at elevated temperatures (150—180°C). The pro 
duction of colored or fluorescent chromatogram zones at lower temperature: 
(< 120 C) and their intensities are very dependent on the duration of heating, thf 


In situ quantitation: The chromatogram was immersed twice for ca. 1 s with brief 
intermediate drying in a mixture of chloroform — liquid paraffin and tri¬ 
ethanolamine (60+ 10+ 10) to stabilize the fluorescence (for ca. 24 h) and in¬ 
crease its intensity (by a factor of ca. 3). The analysis was made in UV light 
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(/ exc = 313 nm, A n > 390 am); the detection limit was 500 pg per chromatogram 
zone (Fig. 1). 

Note: The result of the analysis is extremely dependent on the acid concentration 
employed, the immersion time and the subsequent temperature and duration of 
heating. 
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Fig. 1 : Fluorescence scan of a blank (A) and of a diethylstilbestrol-ethinylestradiol mixture 
(B), each with 10 ng substance per chromatogram zone. Start (1), cis-diethylstilbestrol (2), 
trans-diethylstilbestrol (3) ethonsylestradiol (4), front (5). 
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Tetracyanoethylene Reagent 

(TCNE Reagent) 


Reagent for: 


• Aromatic hydrocarbons and 


heterocyclics [1, 2] 


• Aromatic amines and phenols [2, 3] 

NC CN 

• Indole derivatives [3, 4, 6] 

/ C=C v 

NC CN 

• Carbazoles [3] 

C 6 N 4 

• Phenothiazines [5] 

Af r = 128.09 


Preparation of Reagent 

Dipping solution Dissolve 0.5 g tetracyanoethylene (TCNE) in 100 ml dichloro- 
methane. 

Spray solution Dissolve 0.5 — 1 g TCNE in ethyl acetate [3], dichloromethane [4] 

or acetonitrile [5]. 

Storage The reagent solutions may be kept for several days. 

Substances Tetracyanoethylene 

Dichloromethane 

Reaction 

Tetracyanoethylene yields a colored 7t-complex with aromatic compounds; in 
the case of aromatic amines, phenols and indoles these then react to yield the 
corresponding tricyanovinyl derivatives [3, 4], 
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H 

Indole TCNE Tricyanovinyl derivative 

Method 

The chromatograms are freed from mobile phase in a stream of warm air, immersed 
for 1 s in the dipping solution or sprayed evenly with the spray solution and dried 
for a few minutes in a stream of cold air [4, 6] or at 80 °C. 

Variously colored chromatogram zones are formed on a pale yellow background. 

Note: For some of the substances the intensities of coloration are only stable for 
ca. 2 h; in the case of phenols the coloration intensifies during this time [2]. The 
detection limits for indole derivatives lie in the lower nanogram range. 

The reagent can be employed on silica gel, kieselguhr, Si 50000 and cellulose layers. 

Procedure Tested 

Indole and Indole Derivatives |6] 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 
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Layer 

HPTLC 

Mobile phase 

Toluene 

Migration distance 

7.5 cm 

Running time 

17 min 


plates Silica gel 60 (Merck). 
— ethyl acetate (50 + 15). 


Detection and result: The chromatogram was freed from mobile phase in a stream 
of warm air, immersed in reagent solution for 1 s and dried in a stream of cold 
air. 

5-Nitroindole (hR { 40—45), 5-chloroindole (hR f 60 — 65) and indole (hR f 70 — 75) 
yielded orange-yellow chromatogram zones on a pale yellow background. If the 
chromatogram was exposed to ammonia vapor for 15 s the color was intensified. 
The detection limits were 10 ng substance per chromatogram zone. 


In situ quantitation: The photometric scanning in reflectance was carried out at a 
mean wavelength of A 460 nm (^maxts-mtroindoie) 450 nm, ^nuix(s-chioromdote) — 
460 nm, = 480 nm; Fig. 1). 
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Fig. 1: Reflectance scan of a chromatogram track with 80 ng substance per chromatogram 
zone: 5-nitroindole (1), 5-chloroindole (2) and indole (3). 



Trichloroacetic Acid Reagent 


Reagent for: 


• Steroids [1] 


• Alkaloids from 


e.g. veratrum [1], 

CCU-COOH 

colchicum [2] 

c 2 hci 3 o 2 

• Digitalis glycosides [3, 4] 

• Vitamin D 3 [5] 

• Benzodiazepin-2-one derivatives [6] 

M, = 163.39 


Preparation of Reagent 

Dipping solution Dissolve 5 g trichloroacetic acid in 50 ml chloroform [2] or 
ethanol. 

Storage The dipping solution may be kept for at least 1 week at room 

temperature. 

Substances Trichloroacetic acid 

Chloroform 

Reaction 

The reaction mechanism has not yet been elucidated. 

Method 

After drying in a stream of cold air the chromatograms are immersed for 1 s in 
the reagent solution or sprayed with it and then heated at 120°C for 10 min. 


i i 


Mainly light blue fluorescent zones appear under long-wavelength UV light 

(/. = 365 nm). 

Note: A few drops of 30% hydrogen peroxide solution are added to this reagent 
when detecting digitalis glycosides [4, 7], Digitalis glycosides of the A series fluor¬ 
esce yellow-brown, those of the B series brilliant blue and those of the C series 
pale blue [7], The fluorescence can be stabilized and intensified by dipping the 
plate into a solution of liquid paraffin - n-hexane (1 + 2). 

The reagent can be employed on silica gel, kieselguhr, Si 50000 and cellulose layers. 

Procedure Tested 

Steroids [11 

Method Ascending, one-dimensional development in a trough cham¬ 

ber. The layer was conditioned for 30 min at 0% relative 
humidity after the samples had been applied. 

Lay er HPTLC plates Silica gel 60 F 254 (Merck), which had been 

prewashed by developing once to the upper edge of the plate 
with chloroform — methanol (50 + 50) and then activated 
at 110°C for 30 min. 

Mobile phase Cyclohexane - diethyl ether (50 + 50). 

Migration distance 6 cm 
Running time ca. 15 min 

Detection and result: The chromatogram was dried in a stream of cold air and 
then intensively irradiated with UV light (A = 365 nm) for 2 min and then immersed 
in the reagent solution for 1 s. It was finally heated to 120°C for 10 min and after 
cooling dipped into liquid paraffin - n-hexane (1 + 2) to intensify and stabilize 
the fluorescence. Light blue fluorescent zones were produced under long-wave- 
length UV light (A = 365 nm) by cholesterol (hR, 20-25), coprostanol (hR, 25- 
30), 4-cholesten-3-one (hR f 40-45), 5a-cholestan-3-one (hR,: 60) and co- 
prostanone ( hR f 70). 

In situ quantitation: The fluorimetric analysis was carried out under long-wave¬ 
length UV light (A e « = 365 nm, A„ > 430 nm; Fig. 1). The detection limit was 
several nanograms substance per chromatogram zone. 
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Fig. 1: Fluorescence scan of a chromatogram track with 250 ng of each substance per 
chromatogram zone (exception coprostanol with 500 ng). Cholesterol (1), coprostanol (2), 
4-cholesten-3-one (3), 5a-cholestan-3-one (4), and coprostanone (5). 
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Trinitrobenzenesulfonic Acid Reagent 

(TNBS Reagent) 



Preparation of Reagent 

Dipping solution Dissolve 100 mg 2,4,6-trinitrobenzenesulfonic acid in a mixture 
of 20 ml acetone, 20 ml ethanol and 10 ml water. 

Storage The reagent should always be freshly made up. 

Substances 2,4,6-Trinitrobenzenesulfonic acid 

Acetone 
Ethanol 


Reaction 

On heating primary amines form colored Meissenheimer complexes with 
trinitrobenzenesulfonic acid. 
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Method 

The chromatograms are freed from mobile phase, immersed in the reagent solution 
for 1 s or sprayed evenly with it, dried in a stream of warm air and heated to 
100 °C for 5 min. 

Deep yellow-colored zones are formed on a pale yellow background; these remain 
visible for ca. 2 days. 

Note: Ammonia interferes with the reaction and must be removed from the layer 
completely before application of the reagent. 

The reagent can be employed on silica gel and kieselguhr layers. NH 2 layers are 
not suitable. 


Procedure Tested 

Gentamycin C Complex [2| 

Method Ascending, one-dimensional development at 10 — 12 C in a 

twin-trough chamber with 5 ml ammonia solution (25%) in 
the second trough; chamber saturation for 15 min. 

Layer HPTLC plates Silica gel 60 (Merck) which had been pre¬ 

washed by developing three times with chloroform - meth¬ 
anol (1 + 1) and then dried at 110°C for 30 min. 

Mobile phase Chloroform — ammonia solution (25%) — ethanol (10 

+ 10 + 9); the lower organic phase was employed. 

Migration distance ca. 5 cm 

Running time ca. 20 min 

Detection and result: The HPTLC plates were freed from mobile phase (ca. 30 min 
in a stream of cold air, the ammonia must be removed as completely as possible), 
immersed in the reagent for 1 s, dried in a stream of warm air and then heated to 
100 °C for 4—5 min. 

The gentamycins C la (hR f 35-40), C 2 /C 2a (hR ( 40-45) and C x (hR f 45-50) 
yielded intense yellow-colored zones on a pale yellow background. 
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In situ quantitation: The UV absorption was recorded in reflectance at X = 353 nm. 
The detection limit was 40 ng substance per chromatogram zone. 
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Fig. 1: Reflectance scan of a blank track (A) and of a gentamycin standard track (B) with 
800 ng gentamycin mixture per starting zone. Start (1), gentamycin C u (2), gentamycin C 2 / 
C 2a (3), gentamycin Q (4) and solvent front (5). 
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Vanadium(V) — Sulfuric Acid 
Reagent 

(Mandelin’s Reagent) 
(Ammonium Monovanadate — 
Sulfuric Acid or Vanadium 
Pentoxide — Sulfuric Acid Reagent) 


Reagent for: 


• Carbohydrates and derivatives 


e.g. monosaccharides [1 —4] 


oligosaccharides [1 — 3] 


sugar alcohols (hexitols) [1, 3, 4] 

nh 4 vo 3 

alkylglycosides [1, 3] 

M r = 116.98 

uronic acids [1, 3] 

Ammonium monovanadate 

• Glycols [1, 4] 


• Diethylene glycol [4] 

v 2 o 5 

• Reducing carboxylic acids [1] 

A/, = 181.88 

e.g. ascorbic acid, glycolic acid. 

Vanadium pentoxide 

oxalic acid, pyruvic acid 


• Steroids [5] 


• Antioxidants [5] 


• Vitamins [5] 


• Phenols [5, 6] 

h 2 so 4 

• Aromatic amines [5] 

M t = 98.08 

• Antihypertensives (/J-blockers) [7, 9] 

Sulfuric acid 

• Pyrazolidine derivatives [8] 


• Laxatives [10] 



Preparation of Reagent 


Hip ping solution Dissolve 0.6 g ammonium monovanadate (ammonium meta¬ 
vanadate) in 22.5 ml water and carefully add 2.5 ml cone, 
sulfuric acid and 25 ml acetone. 


Spray solution la Dissolve 1.2 g ammonium monovanadate in 95 ml water and 
carefully add 5 ml cone, sulfuric acid [1, 2]. 

Spray solution I b Dissolve 18.2 g vanadium pentoxide in 300 ml aqueous sodium 
carbonate solution, (c Nj;COj = 1 mol/1), with heating; after 
cooling carefully add 460 ml sulfuric acid, (c H2SG4 = 2.5 mol/1), 
and make up to 1 1 with water. Remove excess C0 2 in the 
ultrasonic bath [1, 3, 4]. 

Spray solution II fi-Blockers: Saturated solution of ammonium monovanadate 
in cone, sulfuric acid [7], 


Storage 


The reagent solutions may be stored for an extended period. 


Substances Ammonium monovanadate 

Vanadium(V) oxide 
Sulfuric acid 

Sodium carbonate decahydrate 
Acetone 


Reaction 

The yellow colored vanadyl(V) ion is transformed to the blue vanadyl(IV) ion by 
reaction with reducing agents. 



Yellow Sugar Oxidized sugar Blue 




4/5 


vanadium( v) — auijuric Acid Reagent 


Fanadiumf V) — Suljuric Acid Reagent 


Method 

The chromatogram is freed from mobile phase, immersed for 2 s in the dipping 
solution or sprayed evenly with spray solution la or Ib until it starts to appear 
transparent and then heated to 100—120 °C for 5 min. After cooling the 
chromatogram can be sprayed briefly once more to decolorize the background [4], 

Spray solution II is employed for the detection of ^-blockers [7]; here the plates 
are analyzed immediately after spraying. 

In the case of carbohydrates blue chromatogram zones are produced on a yellow 
background that slowly fades [2]. Steroids, vitamins, antioxidants, phenols and 
aromatic amines yield, sometimes even at room temperature, variously colored 
chromatogram zones [5], ^-Blockers and laxatives also acquire various colors [7, 
10]. The detection limits are in the nanogram to microgram range [5]. 

Note: The reagent can be employed on silica gel, kieselguhr, Si 50 000 and cellulose 
layers. At room temperature sugars and sugar derivatives react at different rates 
depending on the functional groups present [1], e.g. ketoses react more rapidly 
than aldoses. It is possible to differentiate substance types on this basis [1, 3]. 


Procedure Tested 


^-Blockers [9| 


Method Ascending, one-dimensional development in a HPTLC 

chamber with chamber saturation. 


Layer HPTLC plates SiUca gel 60 (Merck) which had been pre¬ 

washed by developing once with chloroform — methanol 
(50 + 50) and then heated to 110°C for 30 min. 

Mobile phase Ethyl acetate — methanol — ammonia solution (25%) (40 

+ 5 + 5). 


Migration distance 6 cm 
Running time 15 min 


Detection and result: The chromatogram was freed from mobile phase (20 min in 
a stream of warm air), immersed in the dipping solution for 2 s, dried briefly in a 
stream of warm air and heated to 120°C for 10 min. 


4/y 

Atenolol (hR, 25-30), bunitrolol {hR ( 40 - 45) and alprenolol (hR, 50-55) ap¬ 
peared as light blue to white zones on a yellow background in visible light. They 
were visible as light blue fluorescent zones on a faint blue background in long- 
wavelength UV light (A = 365 nm). 

In situ quantitation: The fluorimetric determination was carried out in UV light 
(A„ c = 313 nm, An > 390 nm; Fig. 1). The detection limits were 50 ng substance 
per chromatogram zone. 



Fig. 1: Fluorescence scan of a chromatogram track with 1 pg substance per chromatogram 
zone. Start (1) atenolol (2), bunitrolol (3), alprenolol (4) and “dipping” front (5). 
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Vanillin — Phosphoric Acid 
Reagent 


Reagent for: 



• Steroids, sterols [1 — 4] 

e.g. estrogens, anabolics [2, 3] 

„ H 


• Triterpenes [4, 5] 

HO—C=0 


• Cucurbitacins 

och 3 


(bitter principles) [4, 6] 

c 8 h 8 o 3 

h 3 po 4 

• Digitalis glycosides [7, 8] 

M r = 152.15 

M r = 98.00 

• Prostaglandins [9] 

Vanillin 

ortho-Phos- 

• Saponins [10,11] 


phoric acid 


Preparation of Reagent 

Dipping solution Dissolve 1 g vanillin (4-hydroxy-3-methoxybenzaldehyde) in 
25 ml ethanol and add 25 ml water and 35 ml ort/io-phosphoric 
acid. 

Storage The solution may be kept at 4°C for ca. 1 week. 

Substances Vanillin 

ort/io-Phosphoric acid (85%) 

Ethanol 


Reaction 


The reaction probably occurs according to the following scheme: 



Method 

The dried chromatograms (15 min in a stream of warm air) are briefly immersed 
in the reagent solution or homogeneously sprayed with it and then heated to 120— 
160°C for 5 —15 min. Colored zones are produced on a pale background; in 
the case of digitalis glycosides, cucurbitacins and sterols these fluoresce in long- 
wavelength UV light (A = 365 nm) [4, 7]. 


Note: The reagent can be employed on silica gel, kieselguhr. Si 50 000 and RP 
layers. Hydrochloric or sulfuric acid can be employed in place of phosphoric 
acid (q.v.). The detection limits for steroids and digitalis glycosides are several 
nanograms per chromatogram zone. 
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Vanillin — Phosphoric Acid Reagent 


Procedure Tested 

Estrogens, Anabolics |3| 

Method Ascending, one-dimensional development in a twin-trough 

chamber with 2 ml 25% ammonia solution in the chamber 
free from mobile phase. After application of the sample and 
before development the plate was preconditioned for 60 min 
over the mobile phase. 

Layer HPTLC plates Silica gel 60 (Merck), which had been pre¬ 

washed three times with chloroform - methanol (50 + 50) 
and then dried at 110°C for 30 min. 

Mobile phase Chloroform — methanol (19 + 1). 

Migration distance ca. 5 cm 

Running time ca. 10 min 

Detection and result: The chromatogram was dried in the air, immersed in the 
reagent solution for 5 s and then heated to 120°C for 5 min. cu-Diethylstilbestrol 
[hR ( 15-20) and mww-diethylstilbestrol (hR, 40 — 45) turned red; while 
ethynylestradiol ( hR f 50—55) appeared blue. 
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Fig. 1: Absorption scan of a blank track (A) and of a mixture of estrogen anabolics with 
100 ng of each substance per chromatogram zone (B). Start (1), cir-diethylstilbestrol (2), 
tranj-diethylstilbestrol (3), 17-a-ethynylestradiol (4), solvent front (5). 
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In situ quantitation: The absorption photometric analysis was made at A = 540 nm 
(ethynylestradiol) and A = 605 nm (diethylstilbestrol). The detection limit for 
ethynylestradiol was 12ng and that for diethylstilbestrol 3 ng per chromatogram 

zone. 
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Vanillin — Potassium Hydroxide 

Reagent 



Preparation of Reagent 

Dipping solution I Dissolve 1 g vanillin (4-hydroxy-3-methoxy-benzaldehyde) in 
50 ml 2-propanol. 

Dipping solution II Make 1 ml 1 mol/1 potassium hydroxide solution up to 100 ml 
with ethanol. 

Storage The solutions may be stored for several days in the refrige¬ 

rator. 

Substances Vanillin 

2-Propanol 

Potassium hydroxide solution (1 mol/1) 

Ethanol 


Reaction 

Vanillin reacts with primary amines in weakly basic media to form fluorescent or 
colored Schiff’s bases whereby colored phenolates are also produced at the same 
time. 
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Vanillin Primary amines Schiff s bases 


Method 

The chromatograms are freed from mobile phase (10 min stream of warm air) 
immersed for I s in solution I, dried for 10 min at 110"C, then tmmersed ,n solutron 
II and finally heated once again for 10 mm to 110 C. 

Variously colored zones are produced; these can frequently be excited to fluores¬ 
cence by long-wavelength UV light (A = 365 nm) [3], 

Note: The dipping solution can also be employed as a spray solution. 

Ornithine, proline, hydroxyproline, pipecolic acid and sarcosine yield red zones 
glycine greenish-brown and the other amino acids weakly brown ones J 
colors of the zones are different if an alcoholic solution of potassium carbonate is 
used for basification instead of dipping solution II. 

Characteristic fluorescence often appears under long-wavelength UV Hghl• 0 ■ = 
365 nm) after drying for the first time (before the use of reagent solution II). g- 
ornithine yields a strong greenish-yellow fluorescence and lysine a weak one, wh 

gd kieselguhr or ce.hdose .dyers. A™, 
phases and polyamide layers are unsuitable. 


Procedure Tested 

Geotamycin C Complex [1, 2| 

Ascending, one-dimensional development at 10 ~ 12 ^ ,n a 
twin-trough chamber with 5 ml ammonia solution (25 /«) in 
the second part of the chamber; chamber saturation for 

15 min. 


Method 
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Layer HPTLC plates Silica gel 60 (Merck), which had been pre¬ 

washed by developing three times with chloroform - meth¬ 
anol (1 + 1) and heated to 110°C for 30 min after each 
development. 

Mobile phase Chloroform - ammonia solution (25%) - ethanol (10 

+ 10 + 9); the lower organic phase was employed. 

Migration distance ca. 5 cm 

Running time ca. 20 min 

Detection and result: The chromatogram was freed from mobile phase (45 min, 
stream of cold air), immersed in reagent solution I for 1 s, dried at 110°C for 
10 min, immersed in solution II and heated to 110°C for a further 10 min 
Gentamycins C u (hR { 35-40), C 2 /C 2a (hR ( 40-45), C, (hR f 45-50) produce 
yellow zones on a pale yellow background. 

In situ quantitation: The absorption photometric determination was carried out in 
long-wavelength UV light (X = 392 nm). The detection limit was 40 ng gentamycin 
per chromatogram zone (Fig. 1). 
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A 

Fig. 1: Absorption scan of a blank track (A) and of a gentamycin standard track (B) with 
500 ng gentamycin C,-C 2> mixture per starting zone. Start (1), gentamycin C„ (2), gentamycin 
C 2 /C 2a (3), gentamycin C, (4) and solvent front (5). 
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Zirconium(IV) Oxide Chloride 
Reagent 


Reagent for: 

• Flavonoids [1 - 3] 

• Mycotoxins 

e.g. sterigmatocystine [2] 

• Ster0lds ZrOCl 2 - 8H 2 0 

e.g. estrogens [4, 7] M = m 25 

• Purines, pyrimidines [4] 

• Cardiac glycosides [5] 

• Lipids 

e.g. fatty acids, phospholipids, cholesterol, 
cholesteryl esters [4] 
triglycerides [4, 6] 

• Sugars [4] 

• Prostaglandins [4] 

Preparation of Reagent 

Dipping solution Dissolve 1 g zirconium(IV) oxide chloride octahydrate (zirconyl 
chloride) in 50 ml methanol. 

Spray solution Dissolve 2 to 25 g zirconium(IV) oxide chloride octahydrate in 
100 ml methanol [1], ethanol - water (55 + 15) [5] or water [4], 

Storage The reagent solutions may be stored for an extended period. 

Substances Zirconium(IV) oxide chloride octahydrate 
Methanol 
Ethanol 
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Reaction 

The reaction mechanism has not yet been elucidated [4], 


Method 

The chromatograms are freed from mobile phase, immersed in the dipping solution 
for 1 s or sprayed evenly with it and normally heated to 100 —120 °C for 10 min 
[2, 5, 6], or sometimes to 150 —180 °C for 5 to 60 min [4], 

Mainly yellow-green to bluish fluorescent chromatogram zones are formed on a 
dark background under long-wavelength UV light (A = 365 nm). 

Note: Flavonoids react with the reagent even at room temperature [1]; mycotoxins, 
steroids, purines, pyrimidines, cardiac glycosides and lipids only react on heating 
[2, 4 — 6], Zirconyl sulfate can be used to replace the zirconyl chloride in the 
reagent; this is reported to result in an increase in the sensitivity to certain groups 
of substances (e.g. cholesteryl esters, triglycerides) [4], 

The chromatogram can be sprayed with liquid paraffin — n-hexane (2 + 1) to 
increase the fluorescence intensity [2]. The detection limits per chromatogram zone 
are 0.5 — 1 ng for cardiac glycosides [5], triglycerides [6] and sterigmatocystine [2] 
and 25 pg for estrogens [7]. 

The reagent, which can also be employed to impregnate the layer before 
chromatography, is best suited for silica gel layers [4]; it can, however, also be 
employed on aluminium oxide, kieselguhr. Si 50000, cellulose and polyamide 
layers [4]. 


Procedure Tested 

Estriol, Estradiol, Estrone |7) 

Method Ascending, one-dimensional development in a trough cham¬ 

ber with chamber saturation. 
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Layer HPTLC plates Silica gel 60 (Merck), which had been pre¬ 

washed by developing once with chloroform - methanol 
(1 + 1) and then activated at 110°C for 30 min before sample 
application. 

Mobile phase Toluene - ethanol (9 + 1). 

Migration distance 7 cm 
Running time 15 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 

phamlv- air ’ C0ndltl0n ^ 1 for 15 min ^ ammonia vapor (placed in a twin-trough 
chamber whose second part contained 25% ammonia solution). It was then im¬ 
mediately immersed in the reagent solution for 1 s and heated to 180 °C for 15 min. 

Estriol (hR f 10-15), estradiol (hR f 30-35) and estrone hR t 40 - 45) appeared 
under long-wavelength UV light (2 = 365 nm) as light blue fluorescing chromato¬ 
gram zones on a dark background. 

In situ quantitation: Fluorimetric analysis was carried out by excitation at 
e, c - - nm and detection at X n > 390 nm. The detection limits were 25 pg sub¬ 
stance per chromatogram zone (Fig. 1). 



Fig. 1: Fluorescence scan of a chromatogram of ca. 50 ng each of estriol ft) estradinl n\ 
and estrone (3) per chromatogram zone. ( ) ’ estradl0 ‘ ( 2 ) 
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Name Reagents 
Reagent Acronyms 


Name Reagents 


Besthorn’s Reagent 

347-350 

Bratton-Marshall Reagent 

223-227 

Carr-Price Reagent 

206-209 

Emerson Reagent 

151-153 

Emmerie-Engel Reagent 

216-218 

Gibbs’ Reagent 

252-255 

Mandelin’s Reagent 

426-429 

Marquis’ Reagent 

299-302 

Neu’s Flavone Reagent 

277-280 

Tillmans’ Reagent 

261-264 


Reagent Acronyms 


ANS-Reagent 

191-194 

DBA-Reagent 

281-283 

DOOB-Reagent 

284-287 

FCPA-Reagent 

314-317 

INH-Reagent 

318-321 

MBTH-Reagent 

347-350 

MDPF-Reagent 

344-346 

NBD-chlonde Reagent 

238-241 

NBP-Reagent 

359-363 

OPA-(OPT)-Reagent 

380-384 

TCNE-Reagent 

416-419 

TNBS-Reagent 

423-425 



Index 


A 

ABP = 2-amino-5-bromophenyl(pyridin-2- 
yl)methanone 226,227 
Absorbance, determination of 31 
Absorption, measurement of 9,17,31 
-, molar coefficient 36, 40 
-, quantitative relationship 35, 36 
-, recording of spectra 30, 31 
-bathochromic/hypsochromic shift 31 
-comparison to spectra of solutions 31 
-, scanning curves 17, 31, 32 
ACB = 2-amino-5-chlorobenzophenone 
227 

Acesulfame 390 
Acetanilide 65 

- p-chloro- 65 

- 2,5-dichloro- 65 
Acetone, dipole moment 97 
Acetophenone 72,87 
3-/?-Acetoxyglycyrrhe(ic acid chloride 65 
Acetylation, in situ 68 
Acetylbromodiethylacetylurea 65 
Acetyldigoxin 303 

Acetylene, derivatives 359,361,362 
Acetylsalicylic acid 308 
ACFB = 2-amino-5-chloro-2'-fluorobenzo- 
phenone 227 
Aconitic acid 249 

Acridine, pH-dependent change of fluores¬ 
cence color 91 

Acridine orange, pH-dependent change of 
fluorescence color 91 
Activation of the layer 124IT. 
N-Acylglycine conjugates 176 
ADB = 2-amino-2',5-dichIorobenzophe- 
none 227 

Adipic acid 175, 233, 249, 250, 308 
Adrenaline 392ff 
Adrenochrome 392 
Aflatoxins 69,103,411 

- B,, B 2 103 
Agarofuran 376 


AGFA-Copyrapid CpN paper 135 
AGFA-Copyrapid CpP paper 135 
Alanine 246, 267, 268, 296, 297 
-, dipole moment 97 
Albumins 74 
Alcohols 70, 77, 106 
3,5-dinitrobenzoates 44 
-, monounsaturated 89 
-primary 57,68,70,106 
-, saturated 89 

secondary 57, 68, 70, 106 
tertiary 57, 68, 106 
Aldehydes 72,273 

- aliphatic 76, 157 

- aromatic 76 

- phenolic 72 

- a-,j8-unsaturated 106 
Aldohexoses 158, 180, 181, 185 
Aldopentoses 158 

Aldose reagent 176 

Aldoses 158, 176, 177, 180, 181, 185, 203, 
273, 274, 428 
Aldosterone 321 
Aldrin 76 
Alizarin reagent 143 
Alkaline earths 312 

Alkaloids 7, 45, 60, 88, 166, 167, 206, 234, 
238,240,262,263,273,299, 301, 303,314, 
351,380, 381,411,420 
-, Cinchona- 88, 314 
-, Colchicum- 420 
-, Ergot- 380, 381 
-, Indole- 66, 314 
-, Ipecacuanha- 46, 263 
-, isoquinoline- 46, 66, 262 
-, Mitragyna- 314 
-morphine- 299 , 301 , 351,352 
-, oxidation 60 
-, pyridine- 66 
pyrrole- 66 
-, quinine- 88, 314 
-, quinoline- 66 





Rauwolfia- 314 
-, steroid- 206 
Strychnos- 314 
Synclisia- 314 
Tabernaemontana- 314 
Veratrum- 420 
Alkanol amines 284 

Alkenylacylethanolamine phosphatides 62 
Alkenylacylglyceryl acetate 70 
Alkenyldiacylethanolamine phosphatides 
62 

Alkylacylglyceryl acetate 70 
Alkyl amines 284 
Alkylating agents 359 ff 
Alkylglycosides 426 
n-Alkylresorcinol, homologues 288 
Allobarbital 338 
Alprenolol 299,429 
Aluminium, cations 144, 311 
Aluminium chloride reagent 147 
Aluminium oxide reagent 89 
AMD system 132 
Amiloride 104 
Amination of sugars 56 
Amines 58, 75, 76, 91, 106, 223, 239, 252, 
260, 265, 284, 294, 296, 344, 354, 434 
-, aromatic 66,151, 252,284, 294,416,426, 
428 

-, biogenic 70, 88, 284, 356 
-, capable of coupling 288 
-primary 76, 106, 223-225, 238, 239, 
252, 260, 265, 266, 269, 284, 294-296, 
344, 380, 381, 423, 434, 435 
primary aliphatic 238,239,252,260,284, 
296 

primary aromatic 223 — 225,252,260 
-, secondary 225, 238, 239, 252, 260, 266, 
294, 295, 344 

-, secondary aliphatic 238, 239, 252, 260 
-, secondary aromatic 252, 260 
-, tertiary aromatic 252, 260 
Amino acids 45, 58, 61, 75, 76, 87, 88, 90, 
107, 232,234, 238, 240, 245, 246, 265, 267, 
294, 354, 380-382, 423, 434, 435 
-, 2-anilino-5-thiazolinone derivatives 75 
, reduction 61 
4-Aminoantipyrine 151 
4-Aminoazobenzene derivatives 303, 304 
2-Aminobenzoic acid 175 


4- Aminobenzoic acid 171,175 
-, reagent 154 

Aminobenzophenones 223,225 
2-Amino-5-bromophenyl(pyridin-2- 
yl)methanone (= ABP) 226,227 
2-Amino-5-chlorobenzophenone (ACB) 
226, 227 

2-Amino-5-chloro-2'-fluorobenzophenone 
(ACFB) 226,227 

5- Aminodibenzo(a,d)cycloheptane derivati¬ 
ves 45, 231 

2-Amino-2',5-dichlorobenzophenone 
(ADB) 226, 227 
4- Amino-2,3-dimethyl-l-phenyl-3- 
pyrazolin-5-one 158 
2-Aminodiphenyl reagent 157, 158 
Aminoglycoside antibiotics 107, 270, 284, 
354, 380, 423, 434 

4-Atninohippuric acid reagent 160, 163 
2-Amino-5-nitrobenzophenone (AN B) 

226, 227 

Amino phases 3 
4-Aminophenazone reagent 151 
1-Aminopyrene 61 

Aminotrimethylenephosphonic acid 172 
Ammonia 86,87 
dipole moment 97 
-, reagent 166 
Ammonium cations 144 
Ammonium rhodanide see Ammonium thio¬ 
cyanate 

Ammonium hydrogen carbonate “vapor” 
86 

Ammonium monovanadate, reagent 89, 
426 

Ammonium sulfate reagent 89 
Ammonium thiocyanate reagent 170 
Amphetamines 45, 260, 299 
Ampicillin 173, 174 
Amygdalin 179 

Amylene, stabilizer for solvents 120 
Amylose reagent 173 
a-Amyrin 44,69 
j?-Amyrin 69 
a-Amyrin benzoate 63 
Anabolics 303, 411, 430,432 
Anacardol 288 

ANB = 2-amino-5-nitrobenzophenone 
226, 227 


Androgens 195, 318, 411 
1 4 -Androstendione-(13,17) 32,89 
Androst-5-en-17-on-3-j8-ol 59 
Anilide herbicides 223, 225 
Aniline 152 

-, derivatives 253, 261,284 
-, reagent 176, 179,185,188 
Aniline phthalate reagent 78,188 
8-Anilinonaphthalene-l-sulfonic acid am¬ 
monium salt (ANS reagent) 44, 88, 191 
Anions, organic 44, 388, 389 
Anisaldehyde reagent 78,195 
m-Anisidine 67 
o-Anisidine 67 
p-Anisidine 67 
-, reagent 199 
ANS reagent 44,88,191 
Anthanthrene 39 
Anthocyanidines 277 
Anthocyanins 59 
Anthracene derivatives 166,167 
Anthraquinone 359 
Anthrone reagent 78, 202 
Antibiotics 7,107,109,148,166, 195, 270, 
284, 354, 380, 411,423, 434 
-, aminoglycoside- 107, 270, 284, 354, 380, 
423, 434 

-, bioautographic determination 109 
, heptaene 195 
-, macrolide 195 

Antiepileptics 252, 254, 303, 304, 364 
Antihistamines 260 
Antihypertensives 426 
Antimony cations 144 
Antimony(III) chloride reagent 206, 207 
Antimony(V) chloride reagent 210 
Antioxidants 45, 75, 108, 195, 210, 216, 
252, 254, 260, 376, 377, 426, 428 
Antithyroid pharmaceuticals 248, 249 
Application 
-, bandwise 57 
-, errors 131 
-.scheme 131,132 
-.solvents 131 
Aqua regia reagent 270 
Arabinose 161, 162, 200, 201 
-.reagent 177 
Arachidic acid 230, 402, 405 
Arbutin 179,325,327,328 


-, methyl 327 
Arsen cations 144 

Artificial sweeteners see Sweetening agents 
Artisil blue 2RP 129 
Arylamines 66,151,294 
N-Aryl-N'-benzenesulfonylthiocarbamides 
248, 249 

N-Aryl-N',N'-dialkylurea herbicides 43 
Aryl glycosides 185,186 
Aryloxybutanolamine derivatives 45 
N-Arylthiosemicarbazides 248 
Ascorbic acid 216,256,257,372—374,376, 
377, 426 

-, metabolites 45 
Atenolol 429 
-, ethyl 362 
Azinphos, methyl 362 
Aziridines 359 
Azo dyes 66, 67, 68 
Azomethines 66 
Azulene 66 


B 

Barbiturates 44,45,66,252,254,260,337— 
343 

-, metabolites 337 — 343 
-, thio- 45 

Barium cations 144,145,311,312 

Behenic acid 73 

Benzidine 

-, treatment with 90 
Benzocaine 63 

1.4- Benzodiazepines 223, 225, 265 — 267, 

310,311 

-, derivatives 225 
2-one derivatives 420 
-, hydrolysis products 225 
Benzo(b)fluoranthene 39,85 
Benzo(k)fluoranthene 39, 85 
Benzoic acid 45, 71, 75, 175, 178, 230, 308 
-, Chloro- 72 
-, Dichloro- 72 
Benzo(ghi)perylene 39,85 
Benzo(a)pyrene 39, 85, 103 
p-Benzoquinone 
-, derivatives 72 
Benzoyl chloride reagent 70 

3.4- Benzpyrene 60 
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Benztriazole 
derivatives 281 ff 
2-(2-Hydroxy-5-methylphenyl)- 282 
2-(2-Hydroxy-3-(l-methylpropyl)-5-tert- 
butylphenyl- 283 
Berberine reagent 44, 213 
Beryllium cations 144,145, 311, 312 
Besthorn’s hydrazone reagent 347 
Beta-blockers 74,299,301,426—428 
Beta-fronts 126 
Beta-radiation 12 
Betulae, Extr. 279 
Betulic acid 59 

BHT: see Butylhydroxytoluene 
Bile acids 43, 195, 206, 333, 334, 364, 365, 
376, 411 

-, conjugates 376 
Binder, effect on derivatization 123 
S-Bioallethrine 359 
Bioautographic determinations 109 
Biodetection 109 

Biological/physiological detection 109 
Biotin 269 

Biphenyl-2-ylamine reagent 157 
2,2'-Bipyndine reagent 216 
Bis-3,4-benzpyrenyl 60 
Bis(2-ethylhexyl)phosphoric acid 174 
Bis(halogenalkyl)amines 359 
Bis(halogenalkyl) sulfides 359 
Bismuth cations 144,311 
Bitter principles 7, 109, 303, 430 
Blue tetrazolium reagent 219 
L-Bomeol glycoside 327 
Bratton-Marshall reagent 223 
Brilliant green 44 
Bromate anions 188,190 
Bromide anions 190 
Bromination 65,66 
Bromine 
-, in eluent 58 
-, vapor (reagent) 64, 86 
Bromite anions 188 
Bromocresol blue reagent 45 
Bromocresol green reagent 45, 228 
Bromocresol purple reagent 45, 231 
x-Bromoisovalerylurea 65 
4-Bromophenacyl bromide reagent 71 
4-Bromophenacyl esters 72 
Bromophenol blue reagent 45, 228 


Bromothymol blue reagent 45 
Brucine 60, 67, 315, 316 
Bufotenine 380 
Bunitrolol 429 

tert-Butyl hypochlorite reagent 86, 87, 89, 
234 

Butylhydroxyanisole (= BHA) 262 
Butylhydroxytoluene ( = BHT) 262 
-, stabilizer in solvents 120, 359, 361, 363 

C 

Cadmium cations 144, 311 
Caffeine 65, 90 

Calcium cations 144,145, 311, 312 
Calibration of the wavelength scale 21 
Campesterol 213 
Cannabinoids 288,291 
Canrenone 411 
Capsaicinoids 65 
Carbadrine 76 

Carbamate herbicides 44,74,104,107,223, 
225 

Carbamate pesticides 44,223,225,288,290 
Carbamazepine 105, 234, 254, 255, 303, 
364-366 

Carbazoles 252, 260, 416 
Carbohydrates 154,164,185,188,195,199, 
219, 277, 278, 303, 304, 408, 426, 428 
-reducing 188 
Carbon disulfide reagent 75 
Carbon dioxide, dipole moment 97 
Carbonyl compounds 71, 72, 76, 106, 157, 
158, 179-181, 185, 202, 273, 274, 347 
Carboxyhemoglobin, dipole moment 97 
Carboxylic acids 44,45, 70, 91,170 —178, 
229, 231, 232, 248-250, 256-258, 307, 
308, 426 

-, aliphatic 45, 173, 

-, aromatic 173, 307 
-, multibasic 232, 248, 249 
-, reducing 426 
Cardenolide glycosides 62 
Cardiac glycosides 63,64,104,195,303- 
305, 411, 420, 421, 430, 431, 438, 439 
Cardol 288 
Carotinoids 206 
Carr-Price reagent 206 
Carvacrol 153 
Carveol 76 


Carvone 72, 376 
Caryophyllene 197,198, 214 
-, epoxide 197, 198 

Catecholamines 76,240,294,296,392,393, 
395, 396 

-, triacetyl derivatives 393 
Cations 143 — 146,310—313, 398 
Cellulose, microcrystalline 123 
-, native (fibrous) 123 
Cephaeline 46, 262, 263 
Cer cations 144 
Ceramides 411 
Cetanol 106 
Chalcones 303,304 
Chamber saturation 124,126 
Chamber system, choice of 124 
Chenodesoxycholic acid 334 
o-Chloranil 67 
p-Chloranil 67 
Chlorate anions 188 — 190 
Chloride anions 190 
Chlorination 65,90 
Chlorine 

-, gas (dipole moment) 97 
-, vapor reagent 64, 86 
Chlorite anions 188,189 
p-Chloroacetanilide 65 

4- Chloroaniline 67 
Chlorobenzaldehyde, derivatives 72 
Chlorobenzoic acid 

-, m- 72 
-, o- 72 
-,P- 72 

Chlorodiazepoxide 267,364 
Chlorogenic acid 279, 280 

5- Chloroindole 418 
5-Chloro-2-(methylamino)benzophenone 

(MACB) 226,227 
7-Chloro-4-nitrobenzofurazan reagent 
238, 239 

7-Chloro-4-nitrobenzo-2-oxa-l,3-diazole 
reagent 238 

Chloroplast pigments 303 
Chloropropham 108 
Chloropropionic acid 45 
Chlorothymol 67 
a-Cholestanol 43,65 
5-a-Cholestan-3-one 43, 334—336, 421, 
422 


4-Cholesten-3-one 334—336,421,422 
Cholesterol 44, 65, 104, 147, 148, 191 - 
194, 213, 214, 248, 333-336, 351, 376, 
377, 385 - 387, 411, 421, 422, 438 
-, dehydrated 66 

-, esters 44, 70, 147, 191, 248, 333, 411, 
438, 439 

- gangliosides 45 
-, glucuronides 45 
propionate 89 
Cholic acid 334 
Chromatography errors 131 
Chromium cations 144, 311 
Chromophors 57 
Chrysene 39 
Cinchona alkaloids 314 
Cineole 211,212 
Cinnamaldehyde 158,159 
Cinnamic acid 171 
Cinnamic alcohol 70 
Citraconic acid 61 
Citral 58,158,159 
Citric acid 45, 233, 308 
Citrinine 69,147, 148 
Citronellal 158,159 
Citronellol 68, 69, 70, 327 
-, acetate 68 
-, glucoside 327 
Cleanup 119 
Cobalt 

-, cations 144,311 
-, nitrate reagent 89 
Codeine 108,299,301,302,351, 353 
-, phosphate 65, 90 
Colchicine 344—346 
Colchicum alkaloids 344, 345 
Colchicum auiumnale extract 346 
Collidine, reagent 354 
Color developer 3 368 
Concentrating zone 56 
Conditioning chamber 87, 129,131 
Contamination of place of work 92 
Contraceptives 206 
Copper(II) acetate reagent 242 
Copper cations 144,145,311 
Copper(II) nitrate reagent 245 
Copper salts, reagents for stabilization of 
ninhydrin spots 356 
Copper(II) sulfate reagent 248 



Coproporphyrin 99 ff 
Coprostanol 104, 334-336, 385-387, 
421, 422 

Coprostanone 104, 334, 335, 421, 422 
Cortexolone (= Reichstein-S) 221,321 
Corticosteroids 219, 222, 318 
17-Hydroxy- 59 
Corticosterone 221, 321 
Cortisol dansyl hydrazone 104 
Coupling 

-with Fast Black Salt K 68 
-with Fast Blue Salt B 288 ff 
-with Fast Blue Salt BB 290 
-with Fast Blue Salt RR 290 
-with Fast Dark Blue R Salt 67 
-with a-naphthol 67 
Cucurbitacins 430,431 
Cumarin 
-, glycosides 62 

pH-dependent change of fluorescence co¬ 
lor 91 

Cumarins 252,288 

Cyanogen bromide vapor reagent 86 

Cyano phases 3 

Cyclamate 388 ff 

Cyclitols 325 

Cyclodextrins 202 

Cyclohexanesulfamic acid 174 

Cyclohexanol 43 

Cyclohexylamine derivatives 45 

Cyclopentenyl cations 196 

Cysteine 

-, adducts of unsaturated aldehyde dansyl 
hydrazones 106 

-, reagent (alternative to 2-mercaptoetha- 
nol) 381 
Cytidine 63 

Cytidine-diphosphate glucose 63 
Cytidine-5’-monophosphate 63 

D 

Dansy lamides 104, 106 -108 
Dansylamino acids 73,107, 108 
Dansy lation 72 ff 
-, amines (prim, and sec.) 73 

- amino acids 73 
-, phenols 73 

- prechromatographic 72 ff 

- with dansyl semicadaveride 73, 53 


-, with dansyl semipiperazide 73, 53 
Data pair method 131, 132 
Daucol 59 
DBA reagent 281 

Dehydroascorbic acid 216, 262, 273-275 
372-374 

11-Dehydrocorticosterone 221 
Demeton-S-methyl 362 
Demeton-S-methylsulfone 362 
Deoxynivalenol 89, 147, 148 
Derivatization, aims 56, 57 
-, during development 57 
-, for clean up 56 
-, in situ 56 

-postchromatographic 55, 77 ff 
Derivatization prechromatographic 55 
56 ff 

-, disadvantage 57 
with acetic anhydride 70 
-, with alkali methylate 70 
-, with benzoyl chloride 70 
-, with boron trifluoride/methanol 71 
-, with bromophenacyl bromide 71 
with carbon disulfide 75 
-, with diazomethane 71 
-, with 3,5-dinitrobenzoyl chloride 70 
-, with 2,4-dinitrofluorobenzene 71, 75 
-, with diphenylacetyl-l,3-indandion-l- 
hydrazone 76 
with fluorescamine 76 
-, with heptafluorobutyric acid 75 
-, with methyl iodide 70 
-, with NBD-chloride 76 
-, with nitrophenyl isocyanate 77 
-, with p-toluenesulfonic acid 76 
-, with zinc chloride 76 
sensitivity enhancement 57 
Desoxycholic acid 334 
11-Desoxycorticosterone 221 
Detection 

biological/physiological 4, 6, 7, 9, 109 
-, group characterizing 4, 7 
influence of layer material 90 
-, microchemical 4,7,9 
-.nondestructive 6, 9, 42 ff 
physical 4, 6 
selectivity 109 

-, sensitivity enhancement 405 
-, substance specific 4, 7 


-, with aqueous dye solutions 43 
-, with pH indicators 45 
Detergents (Tensides) 44, 86, 89, 191, 388, 
389, 401 

Deuterium lamp 21 

1,2-Diacetylhydrazine 63 
Diacylperoxides 368 
Diallate 323 
a.ro-Diamines 284 
Diazepam 266, 303, 304, 364 
Diazoalkanes 359 
Diazotation 66 ff, 225 
Dibenzoyl peroxides 370 

2.6- Dibromoquinone-4-chlorimide 
reagent 252 

2.6- Di-tert-butyl-4-methylphenol see Butyl- 
hydroxytoluene 

Dibutyltin dichloride 399, 400 
Dibutyltin dilaurate 399, 400 
Dicarboxylic acids 45, 171, 175, 178, 188, 
232, 233, 248, 249, 308, 426 

2.5- Dichloroacetanilide 65 
Dichlorobenzoic acids 72 
2',7'-Dichlorofluorescein 

-, pH-dependent change of fluorescence co¬ 
lor 91 

-, reagent 88, 105, 325 

2.6- Dichlorophenolindophenol reagent 
256 

2.6- Dichloroquinone-4-chlorimide 
reagent 260 

Dieldrin 76 

Diethylalkyiacetamide derivatives 45 
Diethylamine vapor reagent 86 
Diethylene glycol 426 
Diethylstilbestrol 80,84,105,413,414,432, 
433 

Digitalis glycosides 63, 64,104, 206, 303 — 
305, 420,421,430, 431 
-, A-series 421 
-, B-series 421 
-, C-series 421 
Digitoxin 104 303 
Diglycerides 45,404 
Digoxigenin 305 
-, bisdigitoxoside 305 
-, monodigitoxoside 305 
Digoxin 104, 303, 305 
-, methyl- 104 


Dihydroxybenzenes 88 

1,2- (= pyrocatechol) 89,174, 273 
-, 1,3- (= resorcinol) 174, 273 

1,4- (= hydroquinone) 44, 89,174 
Dihydroxyergotoxin 382 

2,2-Dihydroxy-l,3-indandione see Ninhy- 
drin 

Dihydroxyketones 147 

3.4- Dihydroxyphenylacetic acid 392 

2.4- Diiodoestrone 66 
Dimethoate 362 

2.5- Dimethoxyaniline 67 
Dimethoxy-4-bromoamphetamine 299 

2.5- Dimethoxytetrahydrofuran 265 
Dimethyl sulfoxide, intrinsic detector 88 
4-Dimethylamino benzaldehyde 265 
4-Dimethylamino cinnamaldehyde 269 

3.5- Dinitrobenzoates 77 

3.5- Dinitrobenzoyl chloride reagent 70 

2.4- Dinitrofluorobenzene reagent 71, 75 
Dinitrophenols 273 

2.4- Dinitrophenylhydrazine reagent 273 

2.4- Dinitrophenylhydrazones 77 
Dioctyl sulfosuccinate 301 
Dioctyltin oxide 399, 400 

Diol phases 3 

Diols, vicinal 325, 326, 329, 330 
Diosgenin 59, 61, 195 
Diosgenone 59 
Diphenyl 44 

Diphenylacetyl-l,3-indandion-l-hydrazone 

reagent 76 

Diphenylamine reagent 179 
Diphenylboric acid-2-aminoethyl ester re¬ 
agent 277 

Diphenylboric anhydride reagent 281, 284 
Diphenylcarbazone reagent 340 

2,2-Diphenyl-1 -oxa-3-oxonia-2- 
boratanaphthalene reagent 284 
Dipping in reagent solutions 82 ff 
-, apparatus 84 

automated/manually (comparison) 80, 
84 

chambers 83 

choice of appropriate solvents 85 
-, sequences 90 
Dipterocarpol 71 
2,2'-Dipyridyl reagent 144,216 



Disaccharides 154,161,163,179,181, 203, 
204, 277, 331 
Disulfides 61 
Diterpene glycosides 195 
Dithioglycolic acid 248, 249 
Diuretics 248, 249, 260 
Diurone 74 
DNP-Amino acids 75 
Documentation of chromatograms 119ff 
-, by autoradiography 6 
-, by computer 138 
-, by manual-graphical sketching 6,134 
-, by photographing 6, 134 
-, by photocopying 6,134 
DOOB reagent 239, 284, 285 
Dopa 393-396 
Dopamine 240, 393 — 396 
Drying cupboards 93 
Dulcin 10,11,223,388-390 

E 

Effortil 107 
Eldrin 76 

Emerson reagent 151 
Emetine 46,263 

Emission lines of line radiators 23 

Emmerie-Engel reagent 216 

Eosin 64,65 

-, reagent 44 

Ephedrine 45, 107, 173 

Epoxides 63,359—361 

Epoxy resins, pyrolysis products 45 

Equilibration of the layer 131 

Ergosterol 351 

Ergot alkaloids 380,381 

Erucic acid 73 

Essential oil components 87, 89, 92, 153, 
195, 197, 210, 211, 376 
Esterification, prechromatographic in situ 
69 ff 

Estradiol 68, 89, 439, 440 
Estriol 67, 68, 89,104,107, 439, 440 
Estrogens 66, 67,68, 89,104,107,195,333, 
411,430, 432, 438, 439 
Estrone 66, 68, 89,439, 440 
-, 2,4-Diiodo- 66 
-, 2-Iodo- 66 

Etherification, prechromatographic in situ 
69 ff 


Ethosuximide 254,255 
Ethoxyquin 106, 108 
Ethylamphetamines 45 
Ethylenediamine reagent 392 
N 4 -Ethyl-N 4 -(methanesulfonamidoethyl)-2- 
methyl-1,4-phenylenediamine 
reagent 368 

Ethynylestradiol 80, 84, 105, 413, 414, 
431-433 
Eugenol 153 

Evaluation of chromatograms 133 ff 
optical trains 30, 39 
-, peak area/height 31, 33, 40 
Evipan 339, 343 

Explosion caused by reagent residues 82, 
253,261, 315,365 

Extinction, coefficient of: see Absorption 
coefficient 

F 

Fast Blue Salts see Coupling 
Fatty acids 44,45,61, 70, 71, 214,232,234, 
333, 376, 401, 402, 404, 411, 438 
-, dansyl semicadaveride derivatives 73 
-, dansyl semipiperazide derivatives 73 
-, esters 242, 243, 364, 404 
-, even numbered 73, 74 
-, methyl esters 44, 70, 299, 300, 376, 401 
-, odd numbered 73, 74 
-, unsaturated 58 
Fatty alcohol dinitrobenzoates 401 
Fatty aldehydes 45 
FCPA-reagent 314 
Filters, black light 38 
-, cut off 17, 38 
-, monochromatic 17, 38 
-, optical transmittance 15 
Fisetin reagent 44 
Fixing the chromatogram 133 
Flavognost 277 
Flavone glycosides 62, 323 
Flavone reagent acc. to Neu 277 
Flavonoids 44, 106, 147-149, 166, 167, 
181, 206, 273, 277, 279, 322, 323,438, 439 
reagent 44 
Flavonol reagent 44 
Flavonols 278, 288, 401 
Fluoranthene 85 

Fluorescamine reagent 76, 88, 287, 294 


-, in eluent 57 
Fluorescein 64,65 

-, pH-dependent change of fluorescence co¬ 
lor 91 
-, reagent 44 
-, sodium, reagent 88, 326 
Fluorescence 10, 37, 98 ff 
emission 33, 37 
enhancement lOOff 
-with benzene 103 

-with cetyltrimethylammoniumchloride 
108 

-with j8-cyclodextrin 108 

-with dioctyl sulfosuccinate 108, 301 

-with dodecane 103 

-with ethanol vapor 105 

-with 2-ethoxyethanol 106 

-with ethylene glycol 106 

-with fatty acids 103 

-with Fomblin H Vac 103 

-with Fomblin Y Vac 103 

-with glycerol 106 

-with isooctane 103 

-with kerosine 103 

-with liquid paraffin 103 IT, 241,28 5,286, 
296, 304, 306, 319, 335, 361, 363, 366,421, 
439 

-with liquid paraffin/triethanolamine 
105, 397,413 

-with monoethanolamine 107 
-with petroleum ether 103 
-with polyethylene glycols 106, 278, 381 
-with Silicone DC 200 105 
-with sodium cholate 108 
-with sodium dodecylsulfate 108 
-with triethanolamine 107 
-with triethylamine 107, 297 
-with Triton X — 100 108 

-with water vapor 105 
-, excitation 10, 12, 20, 37 
-, indicators 12ff 

-interference with absorbance measure¬ 
ment 33 

influence of layer (binder/sorbent) 103, 
105 

pH-dependence 91,301,405 
-, quantitative relationship 40 
quenching 10, 33, 46, 137 
-detection limits 15 


-influence of scanning speed on peak size 
35 

-, scanning curves 17 

-filter combination for recording 17 
-, selectivity 38, 39 
-, spectra recording 31,40 
-optical train 39 

-stabilization 98 IT, 241, 278, 285, 286, 
296, 306, 366, 373, 375, 381, 382, 397,413, 
421 

Fluorophors 57 
Fluphenazine 104 
Fluram 294 
Folic acid 223, 225 
Formaldehyde reagent 299, 351 
-, vapor reagent 86 
Formazan 220 

Fructose 155,156, 158,161,162, 164, 165, 
182-184, 200, 201, 203 , 204, 277, 278, 
331 

Fuchsin reagent 329 

Fumaric acid 44, 61, 171, 175, 233, 249, 
250, 258, 259, 308 
Fungicides 7 

-, bioautographic detection 109 
-, Oxathizine 44 
Furosemide 108 
-, metabolites 108 


G 

D-Galactose, dipole moment 97 
Galacturonic acid 45,181 
Gallates 262 
Gallium cations 144 
Gangliosides 44,202,401,404 
Gentamicins 105, 270-272, 286, 287, 294, 
356, 357, 382, 383, 404, 423-425, 435, 
436 

Geranic acid 58 
Geraniol 58, 59, 70, 76, 327 
- glucoside 327 
Gestagens 318 
Gibbs’ reagent 76,252 
Gibberellins 411 
Girard’s reagent 72 
Gitogenin 195 

Glucose 45,63, 89,97,164.165,176, 181 — 
184, 277, 278, 331 
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-, derivatives 45 
dipole moment 97 
syrup 182 
- -1-phosphate 63 
Glucosides, aryl- 185,186 
flavone- 323 
kaempferol- 323 
-, menthyl- 325, 327, 328 
monoterpene- 327, 328 
naphthoquinone- 166 
sesquiterpene- 327 
-, terpene- 327 
-, thio- 185,186 
Glucuronic acid 181 
Glutaconic acid 61 
Glutamic acid 45 
Glutethimide 337,340 
Glycerides 44 
Glycerol 325 
phosphatides 70 

Glycine 246, 267, 268, 296, 297, 356, 435 
dipole moment 97 
Glycol aldehyde 157 
Glycol cleavage 326 
Glycolic acid 45 426 
Glycolipids 44, 45, 202, 242, 243 
Glycols 426 

Glycosides 62,179,181,195,197, 203, 325, 
326 

alkyl- 426 

-, cardiac 63, 64, 104, 195, 303-305, 411, 
420, 421,430, 431,438, 439 
-, cumarin- 62 

-, digitalis- 63, 64,104, 303 - 305, 420, 421, 
430, 431 
diterpene- 195 
-, flavone- 62,106,166 
-, monoterpene- 327, 328 
-, triterpene- 62 
steroid- 206 
Glycosphingolipids 44 
Glycyrrhetic acid acetate 65, 70 
Glyoxylie acid 157 
vapor reagent 86 
GOD reagent (glucose oxidase) 78 
Gold cations 144 
Gramine 106, 107 
Guaifenesin 299 


H 

Habituating drugs 76 
Halate anions 45 
Halide anions 45 
Halogen anions 231, 232 
Halogen acids 189 

N,N-Bis(halogenalkyl)-alkylamines 359 
N,N,N-Tri(halogenalkyl)-amines 359 
Bis-(halogenalkyl)sulfides 359 
Halogenation 64 
-, with bromine vapor/solution 65 
with chlorine gas 65 
-, with iodine vapor 66 
-, with thionyl chloride 65 
Halogen lamp 22 
Halogen oxyacids 188, 189 
Halogens, labile bonded 359, 361 
Hecogenin 71 

Hedeoma pulegioides, essential oil compo¬ 
nents 195 

Heptaene antibiotics 195 
Heptafluorobutyric acid reagent 75 
Heptaporphyrin 99 ff 
Herbicides 223, 225, 210 
anilide 223, 225 

-, carbamate 44, 74, 104, 107, 223, 225 
-, phenoxyacetic acid 260 
-, residues 45, 210 
triazine 45 

-, urea 43, 74, 104, 107, 223, 225 
Heroin 108, 166-168, 299, 301, 302, 351, 
353 

Heterocyclics 252, 260, 299, 416 
n-Hexadecanol esters 63 
Hexaporphyrin 102 
Hexitols 426 
Hexobarbital 254,255 
Hexoses 161,202 
Hexuronic acid 158 
Histamine 294, 296, 355 
Homogentisic acid 166,167 
Horizontal chamber 127 
Hot plates 93 ff 
temperature distribution 95 
Hydrazines 269,284 
Hydrazone formation 71 ff 
-with 2,4-dinitrophenylhydrazine 71, 72, 
274 

-with 2,4-dinitrophenylsemicarbazide 72 


-with 4-nitrophenylhydrazine 72 
-with trimethylacetyl hydrazide (Girard’s 
reagent) 72 

Hydrocarbons 39, 43 — 46, 191, 210, 214, 
252, 260, 299, 404, 416 
-aromatic 46,210,252,260,299,416 
-, monoterpene 76 

polycyclic aromatic 39, 60, 66, 67, 85, 
86, 103, 108, 120 

-, polycyclic aromatic, fluorescence enhan¬ 
cement 103, 108 

Hydrochloric acid vapor reagent 86, 303 
Hydrocortisone 221 
Hydrogen lamp 21,22 
Hydrogen peroxide 368 
-, reagent 307 

Hydrogen sulfide vapor reagent 86 
Hydrolysis 62 ff 
-, acid 62 

-with hydrochloric acid 62 
-with phosphoric acid 63 
-, alkaline 63 

-with ammonia vapor 63 
-with potassium hydroxide 63 
-with sodium hydroxide 63 
-, enzymatic 63, 64 

-with Luizyme solution 64 
-with phosphate esterases 63 
-with phospholipase 64 
Hydroperoxides 368 

1- jS-Hydroperoxylanostenyl acetate 62 
Hydroquinone see Dihydroxybenzene 
n-Hydroxy acids 71 
Hydroxyanthraquinones 148,288 

2- Hydroxybenzaldehyde 284 
Hydroxybenzaldehyde derivatives 72 
4-Hydroxybenzoic acid 308 

1- Hydroxychlorden 44 
Hydroxycinnamic acid 277 
17-Hydroxycorticosteroids 59 

4- Hydroxycumarin 359 

1 -Hydroxyethane-1,1 -diphosphonic acid 
172 

2- Hydroxy- 1-ethanethiol 380 

3- Hydroxyflavones 69, 70, 277 

5- Hydroxyindolylacetic acid 380, 382 

4- Hydroxy-3-methoxybenzaldehyde see Va¬ 
nillin 

Hydroxyproline 240, 241, 246, 435 


8-Hydroxyquinoline reagent 144, 310 
d 5 -3/?-Hydroxysteroids 385 

5-Hydroxytryptamine 380 
5-Hydroxytryptophan 240,241 
Hydroxytyramine 392 
Hyodesoxycholic acid 334 
Hyperici, Extract. 279 
Hypericin 148, 279, 280 
Hyperoside 149, 279, 323 
-, -quercetin 280 

1 

Imidazole derivatives 380 
Imperatorin 65 
Impregnation of TLC layers 86 
-with caffeine 86 
-with silver nitrate 86 
-with tungstate 86 
Indeno(l ,2,3-cd)pyrene 39,85 
Indicators, pH- 303 
-, reagents 45 
Indium cations 144 
Indoleacetic acid 45 

Indoles 46, 252, 260, 269, 314, 315, 364, 
417, 418 

-, alkaloids 66,314 
-, amines 76, 294, 296 
-, derivatives 45, 76, 106, 260, 270, 294, 
296, 376, 380-382, 416, 417 
-, /(-substituted 270 
IN H reagent 318 
Insecticides 7, 44, 76 
-, carbamate 44 

-, organophosphorus 337, 340, 341, 359, 
361-363 

-, pyrethroid 359 
Iodate anions 188,190 
Iodide anions 190 
Iodination 66 

Iodine starch inclusion compounds 46 
Iodine vapor reagent 46, 64, 78 
2-Iodoestrone 66 
Ipecacuanha alkaloids 46, 263 
Ipecacuanhae radix extract 263 
Iron cations 144,217,311 
Iron(III) chloride reagent 170, 216, 314 
Iron(III) thiocyanate reagent 170 
Isoascorbic acid 376 
Isoleucine 246,247 
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Isoniazide 318 

Isonicotinic acid hydrazide reagent 318 
Isoprenaline 395,396 
Isoprenoid compounds 44 
Isopulegol 59 
Isoquercitrin 279, 280, 323 
Isoquinoline alkaloids 46, 66, 262 
Isorhamnetin 323 
Isothiazolones, microbiocidal 45 
Isothiocyanates 75 
Isotopes, /!-radiation-emitting 41 
detection limits 41 
Itaconic acid 61 

K 

Kaempferol glucoside 323 
a-Keto acids 249, 262, 372 
3-Ketobetulic acid 59 
7-Ketocholesterol 60 
Ketoglutaric acid 45, 249 
Keto groups, free 273 
Ketohexoses 180, 181 
Ketone peroxides 368 
Ketones 72 

Ketoses 180, 181, 202, 203, 220, 273, 274, 
428 

Ketosteroids 59, 88, 104, 152, 220, 318, 
319, 333 

3-KetoursoIic acid 59 
Khusol 59 

Kubelka-Munk function 35, 36 
L 

Labelling of chromatograms 131 ff 
Lactic acid 45,171, 230, 233, 250, 258, 259, 
308 

Lactose 155,156, 161,162,181-183, 277, 
278 

Lamps 20 ff 
-, deuterium 20, 21 
-, halogen 22 
-, hydrogen 20, 21 
-, mercury 20, 23 
-, operating life 21 
-, radiation characteristics 20, 21 
-, tungsten 21 
UV 13-17 
-, xenon 20, 22 
Lanthamum cations 144 


Laser, Ar+/He-Ne 22 

Laurie acid 402, 406 

Laxatives 426,428 

Lead(II) acetate basic reagent 322 

Lead(IV) acetate reagent 325, 329 

Lead cations 144 

Lecithin 44, 377, 378 

Leucine 246, 247, 267, 268, 296, 297 

Lichen acids 44 

Light sources 20 ff 

-, continuous 21 

-, spectral line radiators 22 

Linalool 68, 69, 70, 76, 327 

-, acetate 68 

-, glucoside 327 

Linear chamber (see also Horizontal cham¬ 
ber) 5 

Linearity, improvement of calibration curves 
by derivatization 56 
Linoleic acid 73 
Linolenic acid 73 
Linuron 74, 108 
Lipid amines 284 

Lipids 44 - 46, 89,191, 242, 333, 376, 377, 
401,404, 411,438,439 
Lipoproteins 44 
Lithium cations 144 
Lithocholic acid 334 
Luminal 339, 342, 343 
Luminescence 10, 11 
Lupeol 70 
-, acetate 63 
Luteolin 323,324 
Luteoskyrin 104 

Lysergic acid and derivatives 98, 340 
Lysine 435 

M 

MACB = 5-chloro-2-(methylamino)benzo- 
phenone 227 
Macrolide antibiotics 195 
Magnesium cations 144,145, 311, 312 
Malachite green reagent 45 
Malathion 362 

Maleic acid 44, 61,171, 230, 249, 250 
Malic acid 45,175, 230, 233, 250, 258, 259, 
308 

Malonic acid 45, 249 
Maloron 108 


Maltodextrin 182 
Maltose 164,165,181-184 
Mandelin’s reagent 426 
Manganese cations 144 
Manganese(II) chloride reagent 333 
Mannitol 409, 410 
Marking the front 132 
Marmesin 67 
Marquis’ reaction 352 
Marquis’ reagent 299 
Matacil 107 

Matrix effects on Rf-values 133 

MBTH reagent 347 

MDPF reagent 344 

Measurement, choice of wavelength 31 

Medazepam 267 

Meissenheimer complexes 423 

Melezitose 158 

Melissae folium , essential oil components 
195 

Menthofuran 211,212 
Menthol 44, 59, 68, 69, 70,197, 198, 327 
-acetate 68,197,198,210,211 
- glucoside 325, 327, 328 
Menthone 72,210,211 
Mercaptans 239 

2-Mercaptoethanol reagent 380 
Mercury cations 144, 311 
Mercury lamps 20, 22ff 
-, emission lines 23, 24 
-, high pressure 22 IT 
-, technical data 23 
Mercury(I) nitrate reagent 337 
Mercury(II) salt reagent 340 
Mesaconic acid 61 
Mesoporphyrin 101, 102 
Metal cations 310—312, 398 
Metal complexes 248, 398 
Methanol, dipole moment 97 
Methine dyestuffs 360 
4-Methoxyaniline see Anisidine 
4-Methoxybenzaldehyde see Anisaldehyde 
Methoxybenzaldehyde derivatives 72 
Methoxycinnamic acid 277 

2- Methoxy-2,4-diphenyl-3(2H)-furanone re¬ 
agent 344 

Methylarbutin 327 

3- Methyl-2-benzothiazolinone-hydrazone 
reagent 347 


Methyl desoxyglycyrrhetate 61 
Methyldigoxin 104 
Methyl glycyrrhetate 61 
Methyl iodide reagent 70 
N-Methylphenylalanine 89 
Methylsuccinic acid 249 
Methyl sugars 188 

4-Methyl umbelliferone, pH-dependent 
change of fluorescence 91 
Metoxurone 74 
Mevinphos (cis/trans) 362 
Microwave apparatus 96 ff 
Mirsol 45 

Mitragyna alkaloids 314 
Mixing the mobile phase 132 
Molybdatophosphoric acid see Phosphomo- 
lybdic acid 

Molybdenum cations 398 
Moniliformine 347,348 
6-Monoacetylmorphine 74, 108, 166, 168, 
299, 301,302,351,353 
Monochromators with diffraction gratings 
17 

Monoglycerides 45 
Monomethylhydrazine 270 
Monosaccharides 154, 160, 163, 179, 181, 
185, 186, 188,199,200, 325, 

331,408, 426 

Monoterpene glycosides 327, 328 
Monoterpene hydrocarbons 76 
Morazone 45 
Morin 

-, pH-dependent change of fluorescence co¬ 
lor 91 
- reagent 44 

Morphine 74, 105, 108, 166 — 168, 235, 
299-302, 352, 353, 376 
-, 6-monoacetyl- 74, 108 
-, 6-nicotinate 74 
Mustard, derivatives 359 
Mycotoxins 7, 69, 103, 105, 109, 147, 148, 
166, 195, 347, 359, 411, 438, 439 
Myoglobin (whale), dipole moment 97 
Myristic acid 402, 406 
cis-Myrtenol 327 
-, glucoside 327 

N 

Nadolol 299 
Naphthalene-1,3-diol 326 
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Naphthol (a-, /?-) 67 
pH-dependent change of fluorescence co¬ 
lor 91 

reagent 225, 368 
Naphthoquinone glucosides 166 

l,2-Naphthoquinone-4-sulfonic acid re¬ 
agent 351 fT 

2,1,3-Naphthoselenodiazole 102,104, 108 
Naphthylamines 66 

N-(1-Naphthyl)ethylenediamine dihydroch¬ 
loride reagent 223,225 
Narcotics 260 

NBD-chloride reagent 76, 238, 287 
NBP reagent 90, 359 
Neatan preservation 134 
Neomycin 287,423 
Nephopam 45 
Nerol 76,327 
glucoside 327 
Netilmicin 105, 286, 287 
Nickel cations 144,145,311 
Ninhydrin reagent 90, 354 
in eluent 57, 88 

stabilization of ninhydrin spots 98, 
245-247, 356 
vapor reagent 86, 87 
Nitration 66 ff 
Nitrazepam 267,364 

4- (4-Nitrobenzyl)pyridine reagent 359 
Nitrocompounds 61,77 

aromatic 66, 270 
Nitrogen compounds, organic 89 
Nitrogen oxide vapor reagent 86 

5- Nitroindole 418 
Nitrophenyl isocyanate reagent 77 
1-Nitropyrene 61 
N-Nitrosamines 107 

Nitrous fumes reagent 225, 226 
Nondestructive detection 42 ff 
-with fluorescent reagents 44 
-with iodine 46 
-with pH-indicators 45 
Noradrenaline 76,240,393 — 396 
Norephedrine 76 
Norfenefnne 76 
Norfenfluramine derivatives 45 
1 l-Nor-d 9 -THC-9-carboxylicacid 289,292 
Novonal 339 
Nucleosides 364 


Nucleotides 76, 234, 364 
Nux vomica extract 316 
Nystatin 148 

O 

Ochratoxin A 69,147,166,167 
Oleanolic acid 59, 60 
Oleanonic acid 59, 60, 70 
-, methyl ester 70 
Olefins 359 
Oleic acid 73, 89 
Oligogalacturonic acids 45, 322 
Oligonucleotides 76 

Oligosaccharides 86, 179, 181, 188, 199, 
325, 408, 426 
Oligouronic acids 188 
OPA reagent 287, 380 
Oppenauer reaction 59 
OPT reagent 380 

Optical trains, quantitation of chromato¬ 
grams 30, 39 

Organic acids see Carboxylic acids 
Organoarsenic compounds 269 
Organometallic compounds 398 
Organophosphoric acids 70 
Organophosphorus insecticides 337, 340, 
341, 359, 361-363 
Organophosphorus pesticides 254 
Organotin compounds 399 
Osazones 274 
Ove repotting 296 
Oxalic acid 45,171,426 
Oxathizine fungicides 44 
Oxazepam 364 
Oxidation 58 ff 
-, prim, and sec. alcohols 57 
-with 1,4-naphthoquinone potassium tert- 
butoxide 59 

-with aluminium isopropoxide 59 
-with chromic acid 59, 60 
-with hydrogen peroxide 59 
-with iodine 60 

-with 4-nitroperbenzoic acid 55, 59 
-with osmium tetroxide 55 
-with oxygen (atmospheric) 60 
-with phosphorus oxychloride 55 
-with potassium dichromate 60 
-with ruthenium tetroxide 55 
-with sodium hypobromite 55 


-with sodium periodate 59 
11-Oxolanostenylacetate 62 
Oxprenolol 299 

Oxyhemoglobin, dipole moment 97 

P 

PAH see Hydrocarbons, polycyclic aromatic 

Palladium cations 144 

Palmitic acid 45,402,406 

Palmityilactic acid 45 

Panthenol 265,267 

Papaverine 235 

Papaverrubines 303 

Paraffins 44 

Parathion 44 

- -ethyl 362 

-, metabolites 44 
-, -methyl 362 
Patulin 69, 347, 348 
Peanut oil 70 
PEI-Cellulose 76 

Penicillic acid 69, 166, 167, 277, 278, 303, 
304, 347-349 

2.3- Pentanedione 157 

2.4- Pentanedione 252,260 
Pentaporphyrin 99 fT 
Pentenamide 337 
Pentoses 161, 181, 200, 202 
Peppermint oil 210, 211 

Peptides 58, 76,90,234,238, 240, 294, 354, 
380, 382 

- tryptamine- 76 

- tryptophan- 76 

Peracetic acid, reagent in eluent 58 

Per acids 368 

Perchlorate 188 — 190 

Perchloric acid reagent 314, 351, 364. 385 

Perhydrol reagent 307 

Peroxide reagent 368 

Perylene 39 

Pesticides 44, 252, 254 

-, carbamate 44, 223, 225, 288, 290 

-, organophosphorus 254 

-, phenylcarbamate 63 

-, phenylurea 63 

-, residues 63 

Phenazones 45 

Phenobarbital 254, 255, 303, 364 
Phenolcarboxylic acids 288 


Phenols 66, 67, 71, 88, 91, 151, 152, 195, 
210,216,231,238,239,252,253,260,261, 
288, 376, 416, 417,426,428 
-, -ethers 210 

Phenothiazines 44, 59, 299, 411,413, 416 
Phenoxyacetic acid herbicides 260 
Phenoxyalkanecarboxylic acid esters 210, 
211 

Phenylalanine 246,247 
Phenylalkanolamines 45 
Phenylbutazone 65 
N-Phenylcarbamate pesticides 63,107 
1,2-Phenylenediamine reagent 372 
Phenylelhylamines 173,355 
Phenylethylmalonamide 303 
o-Phenylphenol 262 
Phenylthiohydantoins 75 
Phenylurea pesticides 63, 74, 107 
Phenyramidol metabolites 45 
Phenytoin 254, 255, 303, 337, 340 
pH Indicators 45, 229, 303 
Phloroglucin derivatives 288 
Phosphates 170-172, 388, 389 
-esters 170,171 
Phosphatides 62,70 
Phosphatidyl choline 64 
Phosphatidyl glycerol 89 
Phosphoinositides 43 
Phospholipids 44, 45, 70, 147, 148, 191, 
206, 242, 243, 273, 333, 376, 404, 411, 438 
Phosphomolybdic acid reagent 89, 376 
Phosphonates 388,389 
Phosphonic acids 170 — 172, 389 
Phosphonolipids 44 
Phosphorescence 10, 15 
-, indicators see Fluorescence indicators 
Phosphoric acid, esters 44, 170 
reagent 179, 185, 242, 278, 430 
Phosphotungstic acid reagent 89 
Photo documentation, apparatus 137 
-, exposure times 137 
Photocell 25 
Photodiode 24,29 
Photo effect extemal/intemal 24, 29 
Photo element 24, 29 
Photomultiplier 25 ff 
-, disadvantage 27 
-, head on 27 

-, spectral/maximum sensitivity 28 
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- side on 27 

window material 28 
o-Phthalaldehyde reagent 287, 380 
Phthalic acid 171,175,178,233,249 
reagent 163 

pH values of sorbents 121,122 
Physiological/biological detection 109 
Picric acid 174 
reagent 385 

Pimelic acid 230, 249, 308 

Pinacryptol yellow reagent 44, 388 

Pindolol 299,380 

Pipecolic acid 435 

Piperazine reagent 362 

Piroxicam 105 

Plasma lipids 89 

Platinum cations 144 

PMD system 132 

Polyamide layers 123 

Polyamines 284 

Polycarboxylic acids 248 

Polyethylene glycol 44, 86, 278, 280 

Polygalaic acid 195 

Polyglycerol 69 

Polyphenols 44,401 

Polypropylene glycol 44 

Polysaccharides, sulfur containing 43 

Polystyrenes 364 

Polyuridylic acid 76 

Porphyrins 99 ff, 103 

-, methyl esters 103 

Potassium hexacyanoferrate(III) reagent 
151, 392, 395 

Potassium hydroxide reagent 434 

Potassium iodate reagent 173 

Potassium iodide reagent 171 

Potassium permanganate reagent 228 

Prednisolone 221 

Prednisone 221 

Preloading of the layers 126 

Prenazone 65 

Prenols 44,401 

Prenylquinones 44,401 

Prenyl vitamins 401 

Preservation of chromatograms, Neatan 
134 

Preservatives see Antioxidants 
Prewashing the layers 124 
Primidone 254, 255, 303, 337, 340, 364 


Procaine 63 

Processing the chromatogram 90 ff 

-, drying 91 

-, IR treatment 96 

-, microwave treatment 96 

-, UV treatment 92, 93 

Progesterone 71,321 

Proline 240, 241, 246, 382, 435 

Prominal 339, 342, 343 

Propham 108 

Propionic acid 75 

Propranolol 299 

Prostaglandins 195 — 197, 242 — 244, 273, 
274,376, 411,413, 430, 438 
Protocol form example 133 
Prunasin 179,181 
Psychopharmaceuticals 364 
Purines 44, 266, 438, 439 
Pyrazolidine derivatives 426 
Pyrethroid insecticides 359 
Pyridine alkaloids 66 
4-Pyridinecarboxylic acid hydrazide re¬ 
agent 318 

Pyridoxal 157,158, 253 
Pyridoxamine 253 
Pyridoxine 253 
Pyrimidines 266, 438, 439 
Pyrocatechol see 1,2-Dihydroxybenzene 
Pyrocatecholsulfophthalein 398 
Pyrocatechol violet reagent 398 
Pyrolysis of organic compounds 92, 96 
a,y-Pyrone derivatives 288 
Pyrrole alkaloids 66 
Pyrrole derivatives 266, 269, 270 
Pyruvic acid 426 

Q 

Quantitation by peak height/area 31, 33, 
40 

-, optical trains 30, 39 
Quercetin 149, 279, 323 
-, -3-arabinoside 279, 280 
reagent 44 

Quercitrin 149, 279, 280, 323 
Quinaldic acid 171 
Quinine alkaloids 88 
Quinine, pH-dependent change of fluores¬ 
cence color 91 
Quinoline alkaloids 66 


Quinone imine dyestuff 369 
Quinones 44 

R 

Radioisotopes, half-lives 49 
Raffinose 158, 181-184, 203, 204, 331 
Rare earths cations 144 
Ratanhia phenols 288 
Rauwolfia alkaloids 314 
Reaction chromatography 56 ff 
Reagents 144ff 

homogeneous application 90, 405 
in eluent 88, 405 

-, incorporated in the layer 88, 405 
minimum concentration 78 
residues (explosive) 82, 365, 386 
Reducing substances 216, 220, 376 
Reduction 58 ff 

-with iron(II) ammonium sulfate 64 
-with palladium chloride 63 
-with palladium colloidal 63 
-with platinum chloride 63 
-with sodium borohydride 62 
-with zinc chloride/HCl 63 
Reductones 256,262 
Reflection 36 
Relative humidity 129 IT 
-adjustment of defined humidity 130 
-influence on separation 129, 365, 374. 
393, 421 

Remission see Reflection 
-, quantitative relationship 35,36 
Reprostar 136 

Resorcinol see 1,3-Dihydroxybenzene 
Resorcinol homologues 290 
Resorufin, pH-dependent change of fluores¬ 
cence color 91 

Rhamnose 161, 162, 181, 200, 201 

Rhodamine B reagent 44, 401 

Rhodamine G reagent 44 

Rhodamine 6G reagent 44, 88, 402, 404 

Ribopolynucleotides 76 

D-Ribose, dipole moment 97 

-, reagent 177 

Rifamycin 166, 167 

Robinetin reagent 44 

Rosaniline reagent 330 

RP-phases 3 

-degree of modification 123 


-water compatibility 123 
Rugulosin 104 
Rutin 149,179,279,323 
-, reagent 44 

S 

Saccharin 10, 11, 174, 388 - 390 
Salicyl alcohol 195 
Salicylaldehyde reagent 284 
Salicylic acid 45, 171, 175,178, 233, 308 
Salicylsalicin 195, 196 
Salithion 151 

Salt solutions, constant relative humidity 
129, 130 

Sandwich chamber 126,127 
Sapogenins 43, 195, 206, 411 
-, steroid 69, 206 
trifluoroacetates 69 
Saponins 7, 109, 411, 430 
Sarcosine 435 
Scandium cations 144 
Scanners, optical trains 30, 39 
S-chamber see Sandwich chamber 
Scintillators 12 
Sebacic acid 178, 233, 249, 308 
Selectivity 

-, enhancement by derivatization 55 
-by reaction sequences 90 
-, fluorescence 38 
-, of detection 4, 38, 40, 42 
-, of separation 4 
Selenium, cations 144 
as 2,1,3-naphthoselenodiazole 102, 104, 
108 

Semen sinapis 187 
Sennosides 166, 167 
Sensitivity enhancement by derivatization 
56 

Serine 246,356 

Serotonin 70, 76, 239, 240, 262, 355, 380 
Serum lipids 89 
-, proteins 74 
Sesquiterpene glucosides 327 
Silica gel 60 

-, caffeine-impregnated 85 

-, specific surface area 91 

-, surface-modified 3 

Silica Si 50000, specific surface area 91 

Silicon tetrachloride vapor reagent 86 
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Silver 

, cations 144 
nitrate reagent 89, 408 
Silydianine 273,274 
Silymarin 106, 273, 274 
Sinigrin 187 

/?-Sitosterol 206, 213, 242, 243 
Sodium hydroxide reagent 395, 408 
Sodium methylate reagent 70 
Solamargine 62 
Solasodine 62 
Solasonine 62 
Solidaginis, Extr. 279 
Solvents 119 IF 

for sample preparation/preparative chro¬ 
matography 121 
-quality 119,120 
Sorbents, plain and surface-modified 3 
Sorbic acid 45, 65, 71, 75, 308 
Sorbitol 409,410 
Specificity of detection 4 
Specific surface area, silica Si 50000 91 
Specific surface area, silica gel 60 91 
Spermidine 107 
Spermine 107 

Sphingomyelin 44, 89, 377, 378 
Spironolactone 411 
Spot diameter 78,131 
Spray gun 81 
Spraying 

-apparatus 81,82 
-, automatic 82 
-, distance to layer 81 
-, on chromatograms 79 ff 
pattern 81 
-, solvent polarity 82 
-, sequences 90 
Squalene 44 
SRS technique 57 
Stabilization of fluorescence 99 ff 
Stabilization of stained chromatogram zo¬ 
nes 90, 98, 245-247, 292, 356, 361, 363 
Stabilizers 398 
-, in solvents 120 
Staining, stabilization of spots 98 
Starch hydrolysates 179 
Stationary phases, choice of 121 
Stearit-acid -73, 214, 215, 230, 258, 259, 
402,405' - '■ 


Stearyllactic acid 45 

Sterigmatocystine 69, 103, 105, 147, 148, 
438, 439 

Steroids 44, 60, 66,191, 195,196, 206, 210, 

219.222.234, 364, 376,404,411,413,420, 
421, 426, 428, 430, 431, 438, 439 

-, alkaloids 206 
-conjugates 411,413 
-, glycosides 206 
-, hormones 206 
-, ketones 72 

-, sapogenins 69,195, 206, 411 
Sterols 44, 58, 65, 70, 104, 147, 148, 195, 
206, 213,214,248,249, 333, 351, 352, 385, 
404, 430, 431, 438 

-esters 44, 70, 147, 191, 248, 249, 333, 
411,438, 439 
-, hydroperoxides 60 
Stigmasterol 213, 351 
Strontium cations 144,145, 311, 312 
Strychnine 60, 315, 316 
Strychnos alkaloids 314 
Suberic acid 178, 230, 249, 308 
Succinic acid 45, 61, 178, 230, 233, 249, 
250, 258, 259 
Succinimides 337 
Sucrose 181 -184, 203, 204, 331 
Sudan dyes 129 
Sugar acids 325 

Sugar alcohols 45, 325, 326, 329, 408, 409, 
426 

Sugars 45,89,96,154-158,160-163,179, 
180,183,185,188,189,195,197,199,200, 

203.204.234, 326, 329, 331, 364, 372,408, 
428, 438 

-, derivatives 170, 428 
Sulfamates, aliphatic 388, 389 
Sulfates, aliphatic 388, 389 
Sulfhydryl groups 254 
Sulfonamides 63, 223, 225, 238, 240, 269, 
294, 296, 340 

Sulfonates, aliphatic 388, 389 
Sulfonic acids 91 
Sulfur dioxide, dipole moment 97 
Sulfur dioxide vapor reagent 86 
Sulfuric acid, reagent 87,195, 333,411,426 
Sulfurous acid reagent (alternative to 2-mer- 
captoethanol) 381 
Sulfuryl chloride vapor reagent 86 


Sweeteners 44,388 — 390 
Swep 108 

Sympathomimetics 76, 106, 151, 153, 294 
Synclisia alkaloids 314 

T 

Tabernaemontana alkaloids 314 
Tannins 288,299 

Tartaric acid 45, 175, 230, 233, 246, 250, 
258, 259, 308 
TCNE reagent 416 
Tenside-plate 89 
Tensides see Detergents 
Terephthalic acid 178,249,308 
Terpenes 44, 59, 195. 206, 210, 211 
-, glucosides 327 
a-Terpineoi 59, 70, 76, 327 
-, glucoside 327 

Testosterone 32, 88,104,108,303,304, 319, 
321 

-, isonicotinic acid hydrazone 319 — 321 
Tetrabutyltin 399,400 
Tetracyanoethylene reagent 416 
Tetracyclins 166, 195 
Tetraethylene pentamine reagent 359 
Tetrahydrocannabinol (= THC) metaboli¬ 
tes 290-292 

Tetrahydrocannabinol (= THC)-11 -carbo¬ 
xylic acid 290 
Tetrahydrocortisol 221 
Tetrahydrocortisone 221 
Tetrahydrosteroids 222 
Tetrazolium salts, reduction 61 
Thalidomide 45 
-, hydrolysis products 45 
Thiabendazole 307, 308 
Thiamine 235, 236, 397 
Thickening agents 179 
Thin-layer chromatography, advantage 5 
-, numbers of publications per year 6 
Thiobarbiturates 45,66 
Thiocarbamide derivatives 322 
Thiocarbamides, N-ary I-N'-benzenesuIfo- 
nyl- 248,249 
Thiochrome 395 

Thioflavine, pH-dependent change of fluo¬ 
rescence color 91 
Thioglucosides 185, 186 
Thioglycolic acid 248, 249 


Thiol compounds 252, 254 
Thione compounds 252, 254 
Thiosemicarbazides, N-aryl- 248 
Thiourea 107, 246, 254, 269, 337 
-, derivatives 322, 323 
Thorium cations 144 
Threonine 246 
Thymol 153, 197, 198 
-, derivatives 288 
Tigogenin 59, 195 
-, acetate 63 
Tigogenone 59,60 
Tillmans’ reagent 256 
Tin, cations 144,311,398 
-, organic derivatives see Organotin com¬ 
pounds 

-, tetrachloride vapor reagent 86 
Tinuvin 343 283 
Tinuvin P 282, 283 
Titanium cations 144 
-, (III) chloride reagent 270 
TNBS reagent 423 
TNS reagent 44 
Tocopherols 216 — 218, 376 
p-Toluenesulfonic acid reagent 76 
6-p-Toluidino-2-naphthalenesulfonic acid, 
reagent 44 
Toxaphene 45 
Tragacanth hydrolysates 163 
Trenbolone 303,304 
Trialiate 323 
Triazine herbicides 45 
Triazophos 362 
Tribromoimperatorin 65 
Tributyltin chloride 399, 400 
Tributyltin oxide 399, 400 
Tricarboxylic acids 248, 249 
Trichloroacetic acid 45 
- reagent 372, 420 

Trichothecenes 147,195,359,361,362,411 
Triglycerides 45, 70, 89,147,148, 214, 234, 
333, 376,401,404, 438,439 
Trihalogenalkylamines 359 
Triiodobenzoic acid 45 

2.4.6- Trimethylpyridinesee Collidine 
Trinitrobenzenesulfonic acid reagent 423 

2.4.6- Trinitrophenol see Picric acid 
Triolein 89 

Tripaimitin 214,215 
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Triphenodioxazines 411 
Triphosphate (cyclic) 172 
Tripolyphosphate 172 
Trisaccharides 331 
Triterpene 70,206,210,211,430 
-, alcohols 404 
-, derivatives 43 
glycosides 62 
Triton X-100 108 
Trough chambers 125 
Tryptamine 76, 98, 254, 364 
Tryptophan 76, 246, 364 
Tungsten cations 398 
Tungsten incandescent lamp 21,22 
Twin-trough chamber 87,126 
Tyramine 355 

U 

Ubiquinones 404 

Umbelliferone, pH-dependent change of 
fluorescence color 44 
Universal reagents 4,46,195,376,402,405, 
412, 430, 434 
Uracil derivatives 44, 45 
Uranium cations 144 
Uranyl acetate reagent 44 
Urea 

-, condensation products 44 
-, derivatives 223, 269 
herbicides 43, 74,104, 107, 223, 225 
-, thio- 107, 246, 254, 269, 337 
Uric acid 261 

Uronic acids 154,199, 322, 426 
Uroporphyrin 102 
Ursolic acid 59, 71 
UV lamps 13,14,16,137 
with camera holder 13,17,136 
UV absorber in plastics 281 

V 

Valepotriates 166,167, 273, 359, 361, 362 
Valine 246, 247, 267, 268, 296, 297 
Vanadium cations 44,144 


Vanadium(V) oxide reagent 426 
Vanillin reagent 430,434 
Van Urk reaction 

stabilization of “Van URK-spots” 98 
Vapor exposure of chromatograms 86 
Vario chambers 128 
Vaseline 44 
Veratrum alkaloids 420 
Vitamins 7,109,157,158,206-208,216- 
218, 234-236, 252, 253, 256, 260, 267, 
269, 395, 397,420,426,428 
-, A 206 
-, A-acid 411 

B1 105, 234, 235, 395, 397 
-, B6 157,158,252,260 
-, C see Ascorbic acid 
-, D 206 

-, D, 207, 208, 420 
-, E 216-218, 376 
Vomitoxin see Deoxynivalenol 

W 

Water, dipole moment 97 
Waxes 44 

X 

Xanthanonic acid 89 
Xanthotoxin 67 
Xanthotoxol 70 
Xenon lamp 20, 22 
Xylitol 409,410 
Xylobiose 45 

Xylose 45, 161,162,177, 200, 201 
-reagent 177 

Z 

Zearalenone 69,147, 148, 273 

Zectran 107 

Zinc cations 144, 311 

Zinc chloride reagent 76 

Zipeprol 45 

Zirconium cations 144 

Zirconium(TV) oxychloride reagent 89,438 
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Chromatographic methods often develop in a cyclic manner: The discovery c 
new separation technique naturally stimulates interest concerning the method; i 
attention wanes when another technique appears on the horizon and soon in 
est is directed at the new technique. There is then a confrontation between 
methods and a critical comparison of the advantages and disadvantages of the i 
methods. This sometimes leads to a renaissance of the older method, which 
^een the subject of further development in the meantime In this context disco 
ies made in connection with the modern technique are often used to advantag- 
the older one 

This is what happened in liquid chromatography, as it was influenced by the 
strumentation developed for gas chromatography. A similar process has occurro 
thin-layer chromatography. It has experienced a new impetus during the last 10 yt 
as a result of instrumentation and automation together with the availability of 
proved stationary phases and working techniques. Nevertheless, one of the grea 
advantages of thin-layer chromatography is that it provides a wealth of informat 
rapidly and economically without the necessity for expensive equipment. The la 
numbers of publications are a proof of this popularity: According to Shei 
3800 articles were published during the years 1990-1991 in which thin-layer chroi 
tography was used to separate mixtures of substances, for identification and pu 
testing or in conjunction with quantitation. Thus TLC/HPTLC is a standard ana 
ical method today. The applications are far more numerous than the publicatic 
This results in the method frequently not being described in detail in the literati 
There it often says tersely: “the identification or the determination was carried 
by means of planar chromatography”. 

Thin-layer chromatography is a separation technique: Emphasis is laid on 
possibility of separating substances and characterizing them, initially based 
their mobility in a system of two phases. The components are then detected. I 
lier this was only done by chemical reactions on the layer or by the measurem 
of absorption or fluorescence in short- or long-wavelength light. Later the pal 
of possibilities was enlarged so that thin-layer chromatography now possessc 
wide variety of detection methods. This is the great advantage of the method c 
column techniques (HPLC, CZE, GC). The rational choice from numerous g 
eral, selective or specific detection methods provides a wealth of information c 
ceraing the structure of the substance being analysed, which c ulmin ates in 
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Foreword 


greatly enhanced probability of the identification of the separated substance. All 
this is achieved relatively simply and very cheaply with the sensitivity of the 
method often equalling that of HPLC. 

For these reasons great emphasis has been placed, from the very beginning, on 
detection in planar techniques. First compilations on this subject can be found in 
our monograph on paper chromatography. Methods for 221 detection reagents 
and advice on their proper use were described forty years ago. These reagents were 
then modified for thin-layer chromatography by Waldi in 1962 and by Wimmer, 
Heusser and Krebs in 1966 and collected in the already classical monograph by 
Egon Stahl. Zweig and Sherma enlarged the collection ten years later. It also ap¬ 
peared in the Merck company brochure „Anfarbereagenzien fur die Dttnnschicht- 
und Papier-Chromatographie“. Unfortunately little attention was paid in the later 
literature to the important combination of physical separation and chemical detec¬ 
tion. It is only in recent years that efforts have been made to develop more sensitive 
detection reagents to improve the selectivity and increase the precision of the quan¬ 
titation that follows. 

It is therefore very much to be welcomed that the four authors — all specialists 
in the field of thin-layer chromatography - have devoted themselves to the pro¬ 
duction of a monograph covering this complex of topics. This assignment is no 
mean task, but it is as current as ever. The planned, detailed description in 5 vol¬ 
umes has no parallel in the world literature. It can only be attempted by colleagues 
who have many years of personal experience of thin-layer chromatography and 
have lovingly accompanied the development of the method for over 35 years with 
their own research. The methods described in this book are so clearly set out that 
they can be followed without recourse to the original literature. In addition the in¬ 
terested worker will also find a wealth of literature references, to serve as a basis 
for personal study. The authors are to be congratulated on their achievement. It 
is to be hoped that this monograph will not only ease routine work in the labora¬ 
tory but will also act as a stimulus for the further development and growth of thin- 
layer chromatography. 

Prague, September 1993 Karel Macek 


Preface to Volume lb 


This volume is the second of a series of practice-orientated TLC/HPTLC bo 
published in excellent quality by VCH Publishers. As in the first volume, a se 
of reagents and detection methods have been reviewed with the intention of hi 
ing the practical analyst increase the detection specificity of routine samples se 
rated by thin-layer chromatography. 

This volume is divided into two parts which encompass about the same amo 
of material as Volume 1 a. Thus Part I begins with specific detection methods 
eluding the known photochemical, thermochemical and electrochemical activat 
methods. Here microchemical reactions are described that are carried out with 
the use of reagents. Detection involves the use of light, heat and electric curn 

Then follows a selection of group-specific reagents, in response to requests fr 
practical workers after the publication of Volume 1 a. This part should be seei 
reference to the monographs that follow or have already been published. 

The section on “Reagent Series” has also been included at the request of pra 
cal workers. There are many publications describing the sequential applicatior 
a series of different reagents to the same chromatogram. Reagents intended for 
preparatory reaction of certain substances so that the final reagent applied 
yield specific detection results are dealt with in this volume. Independent reagei 
each capable of detection, combined on the same chromatogram to increase se 
tivity, e.g. by specifically altering certain colors (= potentiated multi-detecti 
will be treated in Volume 1 c. Such combinations are frequently used in the fit 
of clinical and forensic chemistry and in the analysis of natural product extra 

Part I, which contains tested examples together with more than 220 literat 
references, is followed by Part II; this consists of 65 reagent monographs in alp 
betical order. Once again, each includes an example that has been tested in the 1 
oratory and is supplemented by numerous literature references. In the past it is j 
these references that have helped provide the practical worker with an entry to 
earlier literature. 

Great importance has also been attached to the inclusion of photographs of origi 
chromatograms in the examples tested along with absorption photometric or flui 
metric scans. These show at a glance that modem thin-layer chromatography is a 
croanalytical separation method that should be taken seriously and that its devel 
ment certainly conforms to the state of the analytical art. Those of us more senioi 
years will immediately recognize the advances made in the method over the last deca 



VIII Preface to Volume lb 


Particular attention has been devoted to the compilation of the cumulative in¬ 
dex. Every reference work is only as good as its indexing system. For this reason 
a presentation has been chosen which allows one to recognize immediately in 
which volume the key word appears. The same also applies to named reagents 
which can be traced back to the original publication in almost all cases in order 
to be able to correct any errors that have crept in. This type of presentation will 
be continued in future volumes. 

This volume includes a new feature in the collection of reagents into groups that 
are discussed comparatively. Such groups include the chloroamine T, the 
diaminobenzaldehyde or the vanillin reagents. The iodine reagents are also dealt 
with as a group. We have not yet been able to make a similar comparison of the 
Dragendorff or the ninhydrin reagents. They will follow in Volume 1 c. 

The fact that our treatment of group-specific reagents is still incomplete illus¬ 
trates the enormous amount of work involved in compiling a reagent series of value 
to the practical worker. Those who have also been confronted with such a task ap¬ 
preciate our difficulties. Thanks and recognition are due to J. Ganz, I. Klein and 
Bl. Meiers and to S. Netz for their tireless work. Thanks are also expressed to the 
numerous undergraduate and graduate students who have assisted in checking the 
derivatization reactions, together with E. Otto, G. Schon and Dipl. Ing. 
M. Heiligenthal in whose capable hands lay the technical preparation of this book. 

Prof. Dr. H.-J. Kallmayer (University of Saarland) and Dr. H.-O. Kalinowski 
(Giessen University) provided generous assistance in the formulation and interpre¬ 
tation of often difficult reaction paths. We had always wished such a cooperation, 
and it proved to be of great benefit to the resulting work. 

We also thank Baron, J.T. Baker, Camag, Desaga, Macherey-Nagel, Merck and 
Riedel de Haen for their generous support of the experimental work. The mono¬ 
graphs would never have been written without their aid. 

Our especial thanks are due to the ladies of VCH Publishers, Mrs. Banerjea- 
Schulz, Dr. Dyllick and Mrs. Littmann for the way they have converted our ideas 
for the design and layout of this book into reality and for the pleasant cooperation 
over the past four years. 

In spite of all our efforts and careful work errors are bound to remain. We would 
appreciate our readers sending us their suggestions for improvements. The positive 
reaction we received to Volume 1 a gave us enormous pleasure and has provided 
us with the motivation to continue our work on the series. 

Saarbrucken, GieBen and Darmstadt, December 1992 Hellmut Jork 

Werner Funk 
Walter Fischer 
Hans Wimmer 


Preface to Volume 1 a 


This book is the result of cooperation between four colleagues, who have b 
working in the field of thin-layer chromatography for many years and, in ] 
ticular, took an active part in the development from hand-coated TLC plate 
commercially available precoated plates and instrumental thin-layer chrom; 
graphy. This development was accompanied by improvements in the field of de 
tion of the separated zones. In particular, it became necessary to be able to c 
with ever decreasing quantities of substance, so that the compilation “Anfai 
reagenzien” by E. Merck, that had been available as a brochure for many, m 
years, no longer represented the state of the art of thin-layer chromatograph 

It was against this background and in view of the fact that there is at pres 
no contemporary monograph on thin-layer chromatography that this book 
produced. It is intended as an introduction to the method, a reference book, 
a laboratory handbook in one, i.e., far more than just a “Reagent Book”. 

The first part of the book consists of a detailed treatment of the fundamen 
of thin-layer chromatography, and of measurement techniques and apparatus 
the qualitative and quantitative evaluation of thin-layer chromatograms. In 
prechromatographic derivatization techniques used to improve the selectivitj 
the separation, to increase the sensitivity of detection, and to enhance the precis 
of the subsequent quantitative analysis are summarized in numerous tables. 

Particular attention has been devoted to the fluorescence methods, which 
now of such topicality, and to methods of increasing and stabilizing 
fluorescence emissions. Nowhere else in the literature is there so much detailed 
formation to be found as in the first part of this book, whose more than 
literature references may serve to stimulate the reader to enlarge his or her ( 
knowledge. 

Nor has a general introduction to the microchemical postchromatographic r< 
tions been omitted: it makes up the second part of the book. 

This second part with its 80 worked-through and checked detection meth 
forms the foundation of a collection of reagent reports (monographs), which 
be extended to several volumes and which is also sure to be welcomed by worl 
who carry out derivatizations in the fields of electrophoresis and high-pressun 
quid chromatography. Alongside details of the reagents required and their hai 
ing and storage, the individual reports also contain details about the reaction c 
cerned. 
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Preface to Volume la 


Wherever possible, dipping reagents have been employed instead of the spray 
reagents that were formerly commonplace. These make it easier to avoid contam¬ 
inating the laboratory, because the coating of the chromatogram with the reagent 
takes place with less environmental pollution and lower health risks; furthermore, 
it is more homogeneous, which results in higher precision in quantitative analyses. 

It is possible that the solvents suggested will not be compatible with all the sub¬ 
stances detectable with a particular reagent, for instance, because the chromato- 
graphically separated substances or their reaction products are too soluble. There¬ 
fore, it should be checked in each case whether it is possible to employ the condi¬ 
tions suggested without modification. We have done this in each report for one 
chosen class of substance by working through an example for ourselves and have 
documented the results in the “Procedure Tested”; this includes not only the exact 
chromatographic conditions but also details concerning quantitation and the 
detection limits actually found. Other observations are included as “Notes”. 
Various types of adsorbent have been included in these investigations and their ap¬ 
plicability is also reported. If an adsorbent is not mentioned it only means that 
we did not check the application of the reagent to that type of layer and not that 
the reagent cannot be employed on that layer. 

Since, in general, the reagent report includes at least one reference covering each 
substance or class of substances, it is possible to use Part II of this book with its 
ca. 750 references as a source for TLC applications. Only rarely are earlier refer¬ 
ences (prior to 1960), which were of importance for the development of the 
reagent, cited here. 

There is no need to emphasize that many helpful hands are required in the com¬ 
pilation of such a review. Our particular thanks are due to Mrs. E. Kany, Mrs. 
I. Klein, and Mrs. S. Netz together with Dipl.-Ing. M. Heiligenthal for their cons¬ 
cientious execution of the practical work. 

We would also like to thank the graduate and postgraduate students who helped 
to check the derivatization reactions and Mrs. U. Enderlein, Mrs. E. Otto, and 
Mrs. H. Roth, whose capable hands took care of the technical preparations for the 
book and the production of the manuscript. We would particularly like to thank 
Dr. Kalinowski (Univ. GieBen) for his magnificent help in the formulation of the 
reaction paths for the reagent reports. Our thanks are also due to Dr. F. Hampson 
and Mrs. J. A. Hampson for translating the German edition of the book into 
English. 

We thank the Baron, J. T. Baker, Camag, Desaga, Macherey-Nagel and 
E. Merck companies for their generous support of the experimental work. 

Our particular thanks are also due to Dr. H. F. Ebel and his colleagues at VCH 
Verlagsgesellschaft for the realization of our concepts and for the design and presen¬ 
tation of the book and for the fact that this work has appeared in such a short time. 


Preface to Volume la 


In spite of all our care and efforts we are bound to have made mistakes. For tl 
reason we would like to ask TLC specialists to communicate to us any errors ai 
any suggestions they may have for improving later volumes. 

Saarbrticken, GieBen and Darmstadt, October 1989 Hellmut Jorl 

Werner Fun! 
Walter Fisch 
Hans Wimm 
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Introduction 


Modern thin-layer chromatography is a microanalytical separation method whose 
portance has been increasing steadily since the 1970s [1], Unger has spoken c 
renaissance of the 30-year-old liquid chromatographic method [2] and Majors 
postulated a positive continuation of the development on the basis of a poll of exp 
[3J; this development has been confirmed in a review of organic analysis in the j 
1990 [4]. Kelker writes that the former “poor man’s chromatography” remains p 
tically irreplaceable and is used at the bench in almost every single organic chem 
synthetic/research laboratory [5]. 

The currently most important fields of application of thin-layer chromatography 
be seen in Fig. 1. The proportion of publications in the fields of pharmacy and 
vironmental analysis has increased over that in previous years. There has also beer 
appreciable increase in the fields of clinical and forensic chemistry and in biochemis 


Biochemistry 
Forensic chemistry 
Clinical chemistry 
(25%) 


Environment (15%) 



Pharmacy (30%) 


Food analysis 
Cosmetology 
( 10 %) 


Other fields (15%) 
Inorganic subst. (5%) 


Fig. 1: Fields of application of thin-layer chromatography (TLC/HPTLC) during the pei 
1988-1991. 


The reason for this lies not least in the increasing instrumentalization and delibei 
automation of all those processes which were earlier particularly subject to eri 
(Fig. 2). Modem high performance thin-layer chromatography (HPTLC) is no Ion 
inferior to other liquid chromatographic techniques with respect to precision and s 
sitivity (Fig. 3) [6]. 
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Chromatographic 
development 
(PMD.AMD, DC-Mat. ADC) 


Application of the 
sample solutions 


Quantitative in situ 

evaluation 

Data processing 

Fig. 2: The steps in the process of thin-layer chromatography that have been instrumentalized and 
automated to a large degree in the recent past. PMD = Programmed Multiple Development, 
AMD = Automated Multiple Development, DC-Mat or ADC = Automatic Development 
Chamber. 


The development of methods of coupling TLC with other chromatographic methods 
and with physical methods of measurement has brought enormous advantages. The 
first attempts to couple gas chromatography on-line with thin-layer chromatography 
were made by Nigam [7], Janak [8-101 and Kaiser [11]. Van Duk [ 12 ] described the 
on-line coupling of column chromatography with thin-layer chromatography as early 
as 1969. He divided the eluent stream with a splitting system and demonstrated after¬ 
wards that at least three different components could be detected thin-layer chromato- 
graphically in an apparently uniform fraction of column eluate. 

Today 80-90% of all HPLC separations are carried out on RP phases, while silica 
gel layers are used for more than 90% of all thin-layer chromatography. This provides 
the possibility of coupling different separation mechanisms together. 

Separation by adsorption chromatography takes place preferentially as a result of hy¬ 
drogen bonding or dipole-dipole interactions. Hence, separation of mixtures of sub¬ 
stances on silica gel layers by lipophilic solvents primarily takes place according to polar¬ 
ity differences. Further separation within a polarity group can then be achieved either 
two-dimensionally or off-line by partition chromatography on another TLC plate (Fig. 4). 



Introduction 



Fig. 3: Sensitivity of various methods of determination. 


Functional Adsorption Chain 

groups length 



Partition 



Fig. 4: Coupling the separation principles of adsorption and partition chromatography. 
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For the same reason it is also possible to use Over Pressure Layer Chromatography 
(OPLC) on-line for prefractionation or as a clean-up method for HPLC [13,14]: A group 
separation according to polarity is followed by a differentiation of the substances accor¬ 
ding to their differing lipophilicities (Fig. 5). 


I P 



Fig. 5: Schematic representation of OPLC-HPLC coupling; P = pump system, C = column, 
D = detector. 



Pump 2 


OSP-2 



Applicator 

HPTLC/AMD 


Scanner 


Fig. 6: Schematic representation of HPLC-HPTLC coupling by means of the OSP-2 sys 
(Merck) for “post-column enrichment” of the column eluate fractions. 


Conversely successful on-line coupling of HPLC to TLC is also possible. Hofstraat 
[15-17] and Baeyens and Ling[18] have described suitable apparatus. Burger, for in¬ 
stance, was able to demonstrate that adsorptive separation of selective cut fractions of 
an HPLC eluate from RP partition chromatography could be separated into up to 700 
individual peaks [19, 20]. Here the thin-layer chromatographic step employed the 
Automated Multiple Development (AMD) technique. These investigations and the results 
of Kroker, Funk and Eisenbeiss [21, 22] demonstrate the enormous power of such on¬ 
line coupling techniques in a very impressive manner. 

In their investigations of caramel MOller et al. [23, 24] demonstrated that such 
combinations can also be applied to purely aqueous fractions of column eluates: A 
column-chromatographic separation was made on TSK gels according to hydrophobic 
interactions, the eluates of individual peaks were then led directly into an on-line sam¬ 
ple preparator (OSP 2) equipped with small Polyspher® RP 18 CAT cartridges (OSP 2) 
[25, 26], in which the organic components were enriched (Fig. 6). A brief rinsing and 
drying process was followed by elution with a little organic solvent and on-line ap¬ 
plication of the eluate to silica gel 60 HPTLC plates using the Linomat C (Fig. 7). This 
was followed by thin-layer chromatographic separation and detection of the individual 
components. 



A 



Fig. 7: Linomat C (Camag) for on-line transfer of column eluate fractions to TLC/HPTLC p 
(A) and application scheme (B). 
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The on-line principle has also been extended into the field of detection (Fig. 8). Thus, 
it is now possible to record FTIR [27-31] and Raman spectra in situ [32, 33], and there 
have been considerable advances in the on-line coupling of thin-layer chromatography 
with mass spectrometry. Here it has been, above all, the research groups of Wilson 
[34-36] and Busch [37-40] that have made the necessary instrumental and methodo¬ 
logical advances, so that TLC must no longer be viewed as merely a clean-up method. 
Rather it forms the essential central point for all these on-line coupling techniques. 



Fig. 8 : Possibilities for on-line coupling of thin-layer chromatography with physical measurement 
and determination methods. CCD = Charge Coupled Device Detection. 


The range of microchemical pre- and postchromatographic derivatization methods 
has also been enlarged, for instance photo- and thermochemical methods have yielded 
unexpected results. Group-specific reagents have been refined and new ones suggested. 
Reagent series are receiving greater attention and more sensitive reagents have been 
developed. These have led logically to the organization of this volume. 
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Part I 


Specific Detection Methods 



1 Activation Reactions 


Every reaction chain is only as strong as its weakest link. It was Liebig who illustrate 
this truism with a barrel (Fig. 9): The shortest stave determines how high the barrel ca 
be filled. 



Fig. 9: Liebig’s barrel. 

This principle also applies to chromatography. For instance, the best of separati 
methods is of no avail if the results of the separation cannot be detected. 

It is well known that the sorbents used in thin-layer chromatography possess lai 
specific surface areas [1], that can interact with the substances being separated. This z 
plies to the time taken for development and naturally when the chromatogram has be 
dried. The additional effect of energy (heat, visible light, UV, X-rays, y-radiation, hi 
potential) can be used to bring about desired photo- and thermochemical reactions. T 
following are among the phenomena that have been observed: 

— dehydrogenations and dehydrations 

— the formation of oxidation products in the presence of oxygen that are read 
detected by the SRS technique (separation - reaction - separation) 

— rearrangement of trans to cis compounds 

— production of ions and radicals which then react further e. g. in chain reactions, 
yield stable higher molecular weight substances that can be colored and/or can ei 
fluorescent light 

— pyrolysis phenomena [2], 
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The inorganic sorbents act as catalysts in all this [3,4]. The pH also probably plays 
a role. Reactions that do not otherwise occur are observed on acid silica gel [5] or basic 
aluminium oxide layers. Reactions of this type have also been observed for amin o [6-8] 
and RP phases [9], The products of reaction are usually fluorescent and can normally 
be used for quantitative analysis since the reactions are reproducible. 

Such reactions can be promoted by exposing the chromatogram to the vapors of 
hydrogen halides, to nitric acid fumes [4], to ammonia or oxides of nitrogen [2] in 
suitable reaction chambers [10]. Ammonium hydrogen carbonate, first proposed by 
Segura and Gorro is also suitable [11]. 

Impregnation with ammonium acetate or ammonium hydrogen sulfate serves the same 
purpose [11-13]. In conjunction with the TLC separation previously carried out it is 
even possible to obtain group-specific and sometimes substance-specific information. 

The reactions discussed in the next section are those carried out without any applica¬ 
tion or impregnation with reagent solutions or exposure to reagent vapors. 
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1.1 Photochemical Activation 


It was observed relatively early that chemically labile compounds - such as vitamir 
carotenes - decompose, either on application to the TLC layer or during the TI 
separation that follows. This phenomenon was primarily ascribed to the presence of c 
ygen (oxidation) and exposure to light (photochemical reaction) in the presence of t 
active sorbents, which were assumed to exert a catalytic effect (photocatalytic reactioi 

Tbday all automatic sample applicators blanket the plate with nitrogen; firstly tl 
has the effect that the applied starting zones dry quickly and secondly serves to prevt 
oxidation of the applied substances. 

Some application instruments possess light-absorbent covers to prevent or reduce t 
action of UV and visible light (Fig. 10). 



Fig. 10: Linomat IV with protective gas atmosphere (Camag). 


It has been recommended that the outer walls of the separation chamber be cove: 
with black foil or that the work be carried out in a dark room under green or red light 
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More recent chromatogram chambers - e.g. the AMD system (Fig. 11) — only possess 
a small observation window and this can, if necessary, be covered with a black cloth. 
Development in the DC-Mat (Fig. 12) or the ADC (Fig. 13) automatic development 
chambers is carried out entirely in the dark. 
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15 



Fig. 13: Automatic development chamber (ADC chamber, Camag). 


In general photochemical reactions only occur when the affected substance absorbs 
radiation, i. e. when 7i or n electrons are raised to an excited n * state. Interaction of the 
electric light vector with the electronic shell of the molecule brings about a change in 
the structure of the electronic shell. This change takes place during one period ol 
oscillation of the light (ca. 10~ 15 s). The altered structure of the electronic shell cor¬ 
responds to a higher energy state of the molecule. Hence, the molecule is in an elec 
tronically excited state [2] This excited singlet state S only has a short life. Excess oscilla 
tion energy is immediately conducted away (Fig. 14). Activated molecules return to th< 
ground state once again, whereby one of the following processes can occur [3J: 

• Energy rich n * electrons experience a spin reversal so that the molecule involvec 
passes from the singlet to the corresponding triplet state (Fig. 14, 15/1). 

• The excited molecule passes instantaneously from the singlet to the gound state S, 
with the emission of light (fluorescence) (Fig. 14, 15/11). 

• The excess energy of excited molecules is transferred, by collision, to acceptoi 
molecules, which are converted to an excited state while the initially excitet 
molecules return to the ground state (Fig. 15/III). 
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• The excited singlet or triplet state returns to the ground state by a radiationless deac¬ 
tivation process (Fig. 15/IV). 

• A chemical process occurs involving the formation of a new substance with cor¬ 
responding energetic ground state N (Fig. 14, 15/V). For instance, on aluminium 
oxide or silica gel layers in the presence of oxygen, anthracene initially yields anthra- 
quinone, that is then oxidized further to yield 1,2-dihydroxyanthraquinone [4, 5]. 
Alizarin and chrysazin are also formed depending on the properties of the 
aluminium oxide used [6]. 

• Starting from the energy level of the triplet state a further spin reversal leads to the 
ground state S 0 (phosphorescence radiation, Fig. 14, 15/VI). 



Fig. 14: Schematic representation of the electronic transitions of photochemically excited 
substances S 0 = ground state, S[ = first excited singlet state, T = “forbidden” triplet transition, 
N = ground state of a newly formed compound, A = absorption, F = fluorescence, 
P = phosphorescence. 
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1 ' 



Excited singlet Excited triplet 

state state 



+ + + 

Fluorescence A* (Radiationless Phosphorescenc 

(Energy transfer) deactivation) 


Fig. 15: Possibilities for photochemically induced reactions, using a carbonyl compound as exair 
pie. II and IT = electron spins parallel and antiparallel respectively. 


This short discussion should provide an indication of the versatility o 
photochemical reactions. For example it is possible to synthesize, in a simple manne 
complicated ring systems that are difficult to produce by conventional syntheti 
methods. For these reasons it is only rarely possible to make unequivocal predictior 
concerning the chemical structures of the products formed particularly if oxygen is pn 
sent during the course of the reaction. 

It is often possible to detect such photochemical reactions with the aid of the SR 
technique (separation — reaction - separation) [1, 7], An initial thin-layer chromate 
graphic separation is followed by irradiation of the chromatogram. The irradiate 
chromatogram is then developed perpendicular to the first direction of developmer 
using the same mobile phase. In the absence of any reaction all the chromatograr 
zones lie on a diagonal. However, if reaction has occurred, the h/? f values of the a 
fected substances are displaced into the regions above or below the diagonal during th 
second development. 
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STAHL, for instance, was able to demonstrate that on irradiation with long- 
wavelength UV light the naturally occurring contact insecticides pyrethrin I and II, 
cinerin I and II and jasmolin I and II present in Chrysanthemum cinerariifolium are 
converted to inactive pyrethrin oxides by the incorporation of oxygen [7]. 

UV irradiation of pipeline, the most important hot substance of pepper, does not 
lead to the incorporation of atmsopheric oxygen [8], The ail-trans compound is con¬ 
verted to the cis-trans isomer, this can be seen in the chromatogram above the all -trans 
piperine (Fig. 16). 

In this case the excited molecules produced on interaction with radiation undergo 
spin reversal to yield a triplet state with a much longer lifetime than that of the singlet 
excited state One or more rt-bonds are broken in the triplet state since one of the n- 
electrons affected is in an antibonding n * molecular orbital. This means that the o- 
bond is free to rotate and cis and trans isomers can be formed next to each other on 
recombination of the double bond. 


chromatogram zones (X, rac = 365 nm, X n = 422 nm) at the corners of a rectanj 
Detailed investigations carried out in the complete absence of light revealed that i 
plant produces exclusively /ra«s-annuloline and that only this is fluorescent. Hen 
there are evidently four blue fluorescent spots on the SRS chromatogram becai 
transacts isomerization occurs during work-up of the plant extract and application 
the sample solution and cis-* trans and trans-* cis isomerizations occur simultaneou 
during the UV irradiation after the first TLC development. 

Similar processes occur with azo compounds [10]. /rans-Dimethylaminoazobenzs 
(butter yellow) yields some of the cis isomer on irradiation with long-wavelength 1 
light and this possesses a lower h/? f than the trans compound on rechromatograph 
with the same mobile phase using the two-dimensional SRS technique (Fig. 17). IR a 
MS measurements were used to confirm that no oxygen had been incorporated into 
molecule. 




Fig. 16: Detection of cis/trans isomerization of piperine by the SRS technique after UV irradia¬ 
tion: (A) original chromatogram, (B) schematic representation. 

Fj, F 2 = mobile phase front after development in the first and in the second dimension; a, b, 
c = positions of application of the trans/trans-piperine before the first (ID) and before the second 
development 2D; -jV = co/tram-piperine, • = trans/trans- piperinq O = position of the trans/ 
f/ww-piperine after the first development. Irradiation of the chromatogram with long-wavelength 
UV light after application of trans/trans-pipenne to position b after the first development (posi¬ 
tion c was not irradiated!). 


Schunack and Rochelmeyer have described such a cis/trans isomerization of an- 
nuloline, a weakly basic alkaloid from Lolium multiflorum LAM [9]. Irradiation with 
UV light after the first TLC development simultaneously causes a cis-* trans and a 
transacts isomerization, so that the SRS technique yields four blue fluorescent 



Fig. 17: Detection of the photochemical cis/trans isomerization of butter yellow after UV irrai 
tion by using the SRS technique. (A) original chromatogram — treated with hydrochloric i 
vapor for better recognition (yellow then turns red) — and (B) schematic representation. 

F,, F 2 = mobile phase front after development in the first and in the second dimension; a 
c = positions of application of the trans- butter yellow before the first (ID) and before the seci 
development (2D); = c/s-butter yellow, • = /rans-butter yellow, O = position of the tn 

butter yellow after the first development. Irradiation of the chromatogram with long-wavelen 
UV light after application of trarw-butter yellow to position b after the first development (posit 
c was not irradiated!). In contrast to Figure 16 the photochemically produced reaction prod 
lies below the starting compound. 
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These few examples illustrate impressively how a range of substances can undergo 

chemical reaction when they are exposed to light while on the TLC plate: 

• Wavelengths of about X = 200 nm excite olefinic structures in particular, causing 
jt -> 7t* transitions. 

• Wavelengths between X = 280 nm and 290 nm or longer are absorbed by carbonyl 
compounds. Here the free n-electrons of the oxygen enter the antibonding n* 
molecular orbital. 

• It is possible for homolysis to occur when the light energy absorbed by a molecule 
reaches or exceeds the bonding energy. Radicals are formed or, in the case of 
halogens, atomic halogen: 


Cl 2 -> 2 Cl* 

Further characteristic assignments of substance structures to wavelength ranges that 
are absorbable are to be found in the specialist literature [2, 11-14], The publications 
of the research groups of Fassler [15, 16] and Oelkrug [17-19] reveal that the sorbent 
can exert a considerable additional effect. 

Takacs et al. [27] have also studied the effects of sorbents. They demonstrated that 
the irradiation of the sorbent layers before use (“activation”) causes changes to occur 
in the stationary phase chemically altering the chromatographic behavior of 3,5- 
pyrazolidindione derivatives. The authors attributed these “memory” effects to photo¬ 
chemical oxidation of the binders and other materials. According to the following 
scheme (p. 21) the water film of the layer yields hydroperoxide and the oxygen ozone, 
these two then react — possibly under the influence of metallic impurities or 
fluorescence indicators - with the acrylate and methacrylate polymers. In this manner 
transmitter substances are produced that greatly increase the reactivity of the layer and 
which remain active for days. This “post-photo effect” generally leads to the same reac¬ 
tion product as that produced by direct irradiation of the plate after application or after 
chromatography of the sample under investigation. 


Layer 

components 
Silica gel 

Polymer, binder _ h«, o 2 

Fluoresc. indicator 

Adsorbed 0 2 hv > O, tZ° lym - 

3 binder 

Adsorbed H 2 0 - hv > - * - - 

Metal impurities 


Mediator 

substances 


Hydroperoxides 
and oxidizing 
compounds 

Hydroperoxides 
and peroxidic 
compounds 

h 2 o 2 




J 


sample 

substance 


Oxidation 
and degradatior 
products 


Frdns has demonstrated this possibility with reserpine and rescinnamine by 
radiating at the start zone for two hours and obtaining a characteristic zone patte 
(fingerprint) after TLC separation of the photochemically produced derivatives [2 
Huck and Dworcak exposed developed chromatograms with vanilmandelic acid a 
homovanillic acid zones to diffuse daylight and observed the formation of fluoresci 
metabolites that were suitable for direct quantitative analysis [21], 

Funk et al. have used a low-pressure mercury lamp without filter to liberate inorga 
tin ions from thin-layer chromatographically separated organotin compounds; th 
were then reacted with 3-hydroxyflavone to yield blue fluorescent chromatogram zoi 
on a yellow fluorescent background [22]. Quantitative analysis was also possible h 
(L exc = 405 nm, L n = 436 nm, monochromatic filter). After treatment of 1 
chromatogram with Triton X-100 (fluorescence amplification by a factor of 5) 1 
detection limits for various organotin compounds were between 200 and 500 
(calculated as tin). 

Fifteen (3-blockers have also been activated photochemically with the same radiati 
unit (Heraeus, Hanau; Osram STE 501; UV lamp TNN 15-3200/721)[23], Tl 
detection limits, the working range and associated standard deviation of the metli 
are listed in Table 1 below. The blue fluorescence of the chromatogram zo: 
(L ctc = 313 nm, X n > 390 nm) was measured after dipping the chromatogram in liq 
paraffin - n-hexane (1 + 2). Figure 18 illustrates the separation of seven P-blockers 
The reactions described above also explain reactions that occasionally occur dur 
TLC and are frequently regarded as interferences. Of course, they can also 
deliberately employed for photochemical activation of applied or thin-Ia 
chromatographically separated samples. 
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Table 1: Detection limits, working ranges and method standard deviation V ra for quantitative 
analysis of (5-blockers. 


Substance 

Detection limit Working range 

[ng/chromatogram zone] 

V*, [%] 

Acebutolol 

5 

8-70 

±3.7 

Atenolol 

100 

n. a. *) 

n. a. *) 

Bupranolol 

50 

60-220 

±2.3 

Carazolol 

5 

10-80 

±4.5 

Nadolol 

50 

n. a. *) 

n. a. *) 

Pindolol 

5 

10-90 

±1.7 


*) not available 



Fig. 18: Fluorescence scan of a chromatogram track with 250 ng each of atenolol (1), acebutolol 
(2), cartelol [3], pindolol (4), bunitrolol (5), alprenolol (6) and penbutolol (7) per chromatogram 
zone. 

While Funk et al. did not use temperatures above 30 °C during the irradiation times 
discussed above, Sistovaris combined UV irradiation with simultaneous heating (70 °C, 
2 h) of the TLC layers [24], After this treatment nomifensine and its metabolites ap¬ 
peared as intense yellow fluorescent chromatogram zones on a dark background. 


This chapter ends with a tested procedure to represent the many photochemical re; 
tions on silica gel. 


Procedure Tested 


Chelidonine 

in the Greater Celandine [25] 

Layer: Silica gel Irradiation: l = 254 nm 


Reaction 


The reaction mechanism has not been elucidated. The processes occurring ; 
presumably those already discussed in Section 1.1. 

Sample preparation: Dried greater celandine was pulverized and briefly boiled 
0.05 mol sulfuric acid. After cooling to room temperature the mixture was placed 
a separating funnel and adjusted to pH 10 with ammonia solution and extracted on 
with chloroform. The organic phase was dried with sodium sulfate and evaporated 
dryness under reduced pressure. The residue was taken up in methanol and used as t 
sample solution for TLC. 

Method Ascending, one-dimensional development in a trough chamb 

with chamber saturation and the exclusion of light. 

Layer HPTLC plates Silica gel 60 F 254 (Merck), before application 

the samples the layer was developed to its upper edge wi 
chloroform - methanol (50 + 50) to precleanse it and then dri 
at 110°C for 30 min. 

Mobile phase Toluene - methanol (90+10) 
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Migration distance 7 cm 
Running time 15-20 min 

Detection and result: The developed chromatogram was dried for 15 min in a stream 
of warm air and then examined under long-wavelength UV light (A, = 365 nm): 

A whole range of separated celandine extract components are visible as intensely 
fluorescent chromatogram zones; however, chehdonine does not emit fluorescent light 
at this stage, but fluorescence quenching is likely to occur under short-wavelength UV 
light (A = 254 nm) (Fig. IA and IB). 

The chromatogram was then irradiated with short-wavelength UV light (A = 254 nm) 
for 3-5 min and examined again under long-wavelength UV light (A = 365 nm). 

Now chelidonine produced an intense green fluorescent chromatogram zone; in addi¬ 
tion there were other intensely fluorescent zones in the track of the celandine extracts 
— some of which were not previously visible or had another color shade (Fig. IC). In 
addition the general fluorescence was increased as a result of the UV irradiation. 
Figure II illustrates the corresponding fluorescence scans. 

In situ quantitation: The fluorimetric scan was carried out at A exc = 313 nm and the 
fluorescence emission was measured at A n >400 nm (cut off filter) (Fig. II). 



Fig. I: Chromatogram of celandine extract (Track 2) and a chelidonine standard (Track 1): 
(A) detection of fluorescent zones in long-wavelength UV light, (B) detection of UV absorbing 
zones in short-wavelength UV light by fluorescence quenching and (C) detection of photo- 
chemically activated chromatogram zones after irradiation of the chromatogram with short- 
wavelength UV light. 
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B 


A 

Fig. II: Fluorescence scan of a Chelidonium extract chromatogram track with ca 5 pg chelidonin 
(A) before and (B) after 1 h irradiation with short-wavelength UV light; two new zones are ap 
parent that were not previously detected [25, 26]. 


References 


[1] Stahl, E.: Dtinnschicht-Chromatographie, ein Laboratoriumshandbuch. 2. Ed., Springei 
Berlin 1967. 

[2] Henning, H., Rehorek, D.: Photochemische und photokatalytische Reaktionen von Kooi 
dinationsverbindungen, Akademie-Verlag, Wissenschaftliche Thschenbucher Bd. 300, Berlii 
(DDR) 1987. 

[3] Christen, H. R.: Grundlagen der organischen Chemie, Sauerlander-Diesterweg-Salle, Aarau 
Frankfurt 1970. 

[4] Kortum, G., Braun, W.: Liebigs Ann. Chem. 1960, 632, 104-115. 

[5] Korttlm, G. in: Symposiumsband „Optische Anregung organischer Systeme “, Proc. 2. Int 
Farbsymp. 1964, Verlag Chemie, Weinheim 1966. 

[6] Voyatzakis, E., Jannakoudakis, D., Dorfmtlller, T., Sipitanos, C., Stalidis, G. :Compt. Rena 
1960, 251, 2696-2697. 

[7] Stahl, E.: Arch. Pharm. 1960, 293, 531-537. 

[8] Jork, H., Kany, E.: GDCh-Training course No. 301 „Dunnschicht-Chromatographie fii 
Fortgeschrittene“, Universitat des Saarlandes, Saarbriicken, 1992. 

[9] Schunack, W., Rochelmeyer, H.: Arch. Pharm. 1965, 298, 572-579. 

[10] Jork, H., Ganz, J.: GDCh-Training course No. 301 „Dunnschicht-Chromatographie fii 
Fortgeschrittene", Universitat des Saarlandes, Saarbriicken, 1991. 

[11] Korttim, G.: Kolorimetrie - Photometrie und Spektrometrie, Springer, Berlin-Gottingen 
Heidelberg 1962. 

[12] Gauglitz, G.: Praktische Spektroskopie, Attempto Verlag, Tubingen 1983. 






26 


/ Activation Reactions 


[13] Rucker, G.: Spektroskopische Methoden in der Pharmazie, Bd. 1, Wissenschaftliche Verlags- 
gesellschaft, Stuttgart 1976. 

[14] Staab, H. A.: Einfiihrung in die theoretische organische Chemie, Verlag Chemie, Weinheim 
1959. 

[15] FaBler, D., Gunther, W.: Z. Chem. 1977, 17, 429-430. 

[16] FaBler, D., Gunther, W.: Z. Chem. 1978, 18, 69-70. 

[17] Oelkrug, D., Erbse, A., Plauschinat, M.: Z. Phys. Chem. N.F. 1975, 96, 283-296. 

[18] Kessler, R. W., Oelkrug, D., Uhl, S. : Le Vide, les Couches Minces 1981, 290, 1338-1341. 

[19] Krablichler, G., Schluter, I., Oelkrug, D„ Proc. IX. IUPAC Symp. Photochem., Pau 1982, 
188. 

[20] Frijns, J.M.G. J.: Pharm. Weekblad 1971, 106, 605-623. 

[21] Huck, H., Dworzak, E.: J. Chromatogr. 1972, 74, 303-310. 

[22] Funk, W., Kornapp, M., Donnevert, G., Netz, S.: J. Planar Chromatogr. 1989, 2, 276-281. 

[23] Funk, W., Azarderakhsh, M.: GIT Fachz. Lab. Supplement „Chromatographie“ 1990, 
31-39. 

[24] Sistovaris, N.: J. Chromatogr. 1983, 276, 139-149. 

[25] Hahn-Deinstrop, E.: Private communication, Fa. Heumann, Abt. Entwicklungsanalytik, D- 
8500 Niirnberg 1. 

[26] Handloser, D., Janchen, D.: Private communication, Muttenz 1992. 

[27] Takacs, M., Kertesz, P., Wiener, E., Reisch, J.: Arch. Pharm. 1985, 318, 824-832. 


1.2 Thermochemical Activation 


1.2 Thermochemical Activation 


As is well known chemical reactions are accelerated by increasing the temperature. T 
also applies to heterogeneously catalyzed reactions taking place on the surface of pc 
sorbents such as aluminium oxide or silica gel (Tables 2.1 and 2.2). Such reactions h 
also been reported on the moderately polar NH 2 layers. Alperin et al. have descril 
the activation of cellulose to yield specific information concerning the substan 
chromatographed [1]. 

In the simplest case the developed chromatograms are heated to the requi 
temperature on a hot plate (Fig. 19) or in a drying cupboard. More rarely infra 
heaters are used to heat the system [2]. Gas chromatograph ovens can be used if e> 
adjustment of the temperature is required [3]. 



A B 


Fig. 19: TLC plate heater III (Camag) (A), (Desaga) (B). 

When the compounds are heated close to their decomposition temperatures, in c 
tact with the surface of the active sorbents, while fluorescent substances are produi 
Further heating can, however, lead to complete carbonization. The details of the n 
tions taking place are not currently known [4], 

Segura and Gotto have postulated that nitrogen-containing compounds fi 
derivatives of the type R-N = CH-CH = CH-NH-R, in a similar manner to the reac 
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of malonaldehyde with amino acids to yield Schiff’s bases - a hypothesis that is sup¬ 
ported by the occurrence of appropriate IR bands [5]. 

In general compounds with heteroatoms (N, O, S and P) are more amenable to 
“fluorescence reactions" than pure hydrocarbons. Under the influence of the catalytic 
sorbents substances rich in n-electrons are formed, that conjugate to “rigid” reaction 
products that are fluorescent when appropriately excited. The formation of fluorescent 
derivatives is frequently encouraged by gassing with nitrogen or carbon dioxide. 

Changes of pH can also yield specific evidence. Thus, it is frequently possible to alter 
the excitation and fluorescent wavelengths of many fluorescing compounds in this man¬ 
ner. In addition there is a range of nonfluorescent substances that can be derivatized 
by exposure to ammonia gas, ammonium hydrogen carbonate or acids (e. g. HC1, HBr) 
to yield products that are able to fluoresce. The impregnation of the layer with am¬ 
monium acetate or hydrogen sulfate, that is frequently recommended, serves the same 
purpose. Examples of this behavior are to be found in the reagent monographs. 

The following Tables 2.1 to 2.3 summarize some examples based exclusively on ther¬ 
mochemical reactions on the sorbent surface which lead to the formation of fluorescent 
reaction products. The derivatives formed frequently remain stable for weeks [6] and 
the fluorescence can frequently be intensified and/or be stabilized by treatment with 
viscous liquids (liquid paraffin, Triton X-100, polyethylene glycol etc.). 

Quantitation is possible in many cases [6-15]. However, the activation reaction does 
not always yield a single reaction product (check by SRS method!), so the dependence 
of the linear response interval on temperature and duration of heating must be checked 
for each product. It can be taken as a rule of thumb that there will be a linear response 
between measurement signal and amount applied over the range 10 to 100 ng substance 
per chromatogram zone [5]. 

Since the literature cited did not reveal a significant effect of the differing pore 
systems of the various types of layer the aluminium oxide and silica gel types (60, 80, 
100, eta) are not specified. The same applies to binders, fluorescence indicators and 
trace impurities in the sorbents. 


Table 2.1: Summary of some examples of detection after merely heating aluminium oxide 1; 
(Types 150/T or 60/E) after chromatography. 


Substances Temperature/time Remarks R 


Pesticides, e.g. 
aminocarb, captan, 
difolatan, landrin, 

rotenone 

200 °C, 45 min 

Induction of fluorescence in weakly [ 

fluorescent or nonfluorescent pesticides 
and amplification of natural fluores¬ 
cence There are some differences be¬ 
tween basic and acidic aluminium oxide 
layers. 

A 4 -3-Ketosteroids, e.g. 
testosterone and epi- 
testosterone in urine 

180°C, 20 min 

Pale blue induced fluorescence | 

(X n = 440 nm) for A 4 -3-ketosteroids, 
detection limit: 5 ng. 

A 4 -3-Ketosteroids, e.g. 

180°C, 20 min 

Conversion of A 4 -3-ketosteroids or [ 

trimethylsilyl- 

or 150 °C, 

their trimethylsilyl or acetyl derivatives 

testosterone 

20 min 

in fluorescent components, whereby the 
detection limits were improved by 65 % 
for the acetates. A 5 -3-keto- and A 5 -3- 
OH-steroids also react with the same 
sensitivity. 

Testosterone 

180 °C, 20 min 

Induced fluorescence (X n > 430 nm, cut | 
off filter) by thermal treatment of the 
chromatogram, the fluorescence in¬ 
creased by a factor of 2.5 by dipping in 
a solution of Triton X-100 — chloro¬ 
form (1 + 4). Working range: 2-50 ng 
substance per chromatogram zone. 
Prewashing the layers with methanol- 
ammonia solution (25%) (50+50) in¬ 
creased the precision. 

Testosterone 

180°C, 20 min 

Induced fluorescence and fluorescence | 

amplification by a factor of 25 by dip¬ 
ping the chromatogram in a solution of 
Triton X-100 — chloroform (1+4). 

A 4 -3-Ketosteroids, eg. 
progesterone in plasma 

150°C, 20 min 

Conversion of A 4 -3-ketosteroids into | 

fluorescent derivatives (X n = 440 nm). 
Relatively selective for progesterone at 
150°C, detection limit: 2-5 ng. 
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Procedure Tested 


Testosterone [9,15] 

Layer: Aluminium oxide Temperature: 180°C 


Reaction 


At elevated temperatures in the presence of oxygen the aluminium oxide layer catalyzes 
the formation of blue fluorescent “aluminium oxide surface compounds” with 4- 
hydroxy-3-oxo-A 4 ’ 6 -steroid structures [4]. Aluminium oxide acts as an oxidation 
catalyst for an activated methylene group. 



Progesterone 4-Hydroxy-3-oxo-A 4i6 -steroid derivative 


Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer TLC plates Aluminium oxide 150 F 254 (Merck); before applica¬ 

tion of the samples the layer was developed twice to its upper 
edge with methanol — ammonia solution (25 %) (50 + 50) to pre¬ 
cleanse it and then dried after each development at 120 °C for 
30 min. 

Mobile phase Toluene — 2-propanol (10+1) 

Migration distance 8 cm 

Running time 25 min 


Detection and result: The dried chromatogram was heated in the drying oven at 18' 
for 20 min. After cooling to room temperature it was dipped twice for 1 s into a s 
tion of Triton X-100 - chloroform (1+4) which stabilized the fluorescence and 
creased its intensity by a factor of 2.5. Between the two dipping steps the chromatog 
was air-dried in the dark for 30 min until the chloroform had completely evapora 

Testosterone (hft f : 65 -70) appeared under long-wavelength UV light (X= 365 
as a pale blue fluorescent zone on a dark background. 

The detection limit was less than 2 ng substance per chromatogram zone. 

In situ quantitation: The fluorimetric scan was carried out at X ac = 365 nm and 
fluorescence emission was measured at X n > 430 nm (cut off filter FI 43, Fig. I). 



Fig. I: Fluorescence scan of a blank track (A) and of a chromatogram track with 4 ng testostf 

Analogous examples have been described for “silica gel chromatograms”. Tab! 
gives an overview. 
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Table 2.2: Summary of some examples of fluorimetric detection after merely heating silica gel 
layers after chromatography. 


Substances 

Temperature/time 

Remarks 

Ref. 

Essential oil components 

800-900°C 

Induction of fluorescence in a special 
apparatus. 

[18] 

Steroids, e.g. cholesterol, 
triolein, androsterone; 
sugars, e.g. fructose, 
glucose, ribose; 
amino acids, pyrimidines, 
purines, alkaloids 

110-150°C, 

2-12 h 

Conversion to fluorescent derivatives by 
heating. 

[5] 

Alkaloids, e.g. raubasine 
and its metabolites in 
plasma, urine and bile 

120°C, 1 h 

Amplification of the natural fluores¬ 
cence of raubasine (X n = 482 nm), 
detection limit 20 ng. 

[101 

Alkaloids, e.g. reserpine, 
rescinnamine 

105 °C, 2 h 

Induced fluorescence (X n > 500 nm, 
cut off filter). Possibly formation of 

3-dehydro derivatives. 

[191 

Alkaloids, e.g. reserpine, 
ajmaline, rescinnamine 

105 °C, 2 h or 

105°C, 15 h 

Induction of stable fluorescence 
(X n > 480 nm, cut off filter), detection 
limits 5-20 ng. 

[121 

Alkaloids, e.g. cocaine, 
ecgonine, benzoylecgonine, 
ecgonine methyl ester 

280 °C, 8 min 
or 260 °C, 

10-30 min 

Pale blue induced fluorescence 
(X n > 390 nm, cut off filter), 
fluorescence amplification by a factor 
of 2 on dipping in liquid paraffin solu¬ 
tion; detection limits: <10 ng. 

[131 

Alkaloids, e.g. lupanine, 
angustifoline, sparteine, 
lupinine, hydroxylupanine 

130°C, 17-35 h 

Induced blue fluorescence 

(X n = 400 nm), detection limits: 10 ng. 

[61 

Pesticides, e.g. dursban, 
azinphos-methyl, menazon, 
imidan, phosalone, 
zinophos 

200-225 °C, 

20-120 min 

Induced fluorescence or amplification 
of natural fluorescence; detection 
limits: 10-300 ng. 

[20] 

Organophosphorus 
pesticides, e.g. coumaphos, 
menazon, maretin, dursban 

200 °C, 45 min 

Induced fluorescence or amplification 
of natural fluorescence, detection 
limits: 1-80 ng. 

[21] 


Table 2.2: (continued) 


Substances Temperature/time Remarks R< 


Pesticides, e.g. fuberidazol 200 °C, 45 min 


Pesticides, e.g. 200 °C, 45 min 

coumatetralyl, methabenz- 
thiazuron, propylisom, 
naptalam, thioquinox, 
warfarin etc. 

Coumaphos 200 °C, 20 min 


Potasan, coumaphos, 200 °C, 20 min 

coroxon 


Coumaphos 


200 °C, 20 min 


Rubratoxin B 


200 °C, 10 min 


Glucose or 
methylglucosides 


Sugar derivatives 


Sugars, e.g. glucose, 
fructose, galactose, 
mannose etc. 


135 °C, 3 min 
or 140°C, 

10 min 

“Mild heating 
over a Bunsen 
burner” 

160 °C, 10 min 


Amplification of the natural [2 

fluorescence of some pesticides and 
bathochromic shift of the excitation 
and emission maxima; detection limits: 
5-100 ng. 

Induced fluorescence (X n > 430 nm, cut [2 
off filter); detection limits: 6-600 ng. 


Residue analysis; induced fluorescence [1 
on heating (Xn >400 nm); detection 
limit: 1 ng. 

Induced blue fluorescence (X n = 430 nm ['. 
or 450 nm), identification of the fluo¬ 
rescent derivatives as chlorferon or 
4-methyIumbelliferone. 

Residue determination in honey, in- [ 

duced fluorescence (X n > 400 nm, cut 
off filter); detection limit: 0.5 ng. 

Induced fluorescence that can be inten- [ 
sified by gassing the previously heated 
chromatogram plates with ammonia 
vapors (10 min). This also alters the 
color of the emitted light to pale blue. 

Induced yellow fluorescence. [ 


No details of whether fluorescence was [ 
produced or if a carbonization reaction 
occurred. 

Production of fluorescence by heating [ 
the chromatogram after covering it with 
a glass plate. Sugar alcohols and C,-C, 
bonded oligosaccharides do not react; 
detection limit: 10 ng. 
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Table 2.2: (continued) 


Substances 

Temperature/time 

Remarks 

Ref. 

Sugars, e.g. glucose, 
glucosamine, fucose, raf- 
finose, cellobiose, 
methylated sugars 

80-*260°C, 
gradient or 

200 °C, 5 min 

Production of fluorescence by 
temperature gradients (l0°C/30 s) to 
determine the optimum heating temper¬ 
ature for the individual substances. 
Oligosaccharides require higher temper¬ 
atures than monosaccharides. Detection 

limit: 1 nMol. The fluorescence colors 
are characteristic particularly for the 
methylated sugars. 

[31 

Lipids, e.g. (5-sitosterol, 
geraniol, dolichol, 
squalene, cholesterol 

200 “C, 15 min 

Induced fluorescence; detection limits: 

< 1 gg cholesterol. 

[31 

C-Nucleosides 

Moderate 
heating on 
a hot plate 

No details of whether fluorescence or 
carbonization was produced. 

[291 

Nomifensine and 
metabolites 

70°C, 2 h 

+ uv M4 

Heating and simultaneous UV irradia¬ 
tion produced intense yellow fluores¬ 
cence (X n > 460 nm, cut off filter). 

[30] 

Procedure Tested 

Tropane Alkaloids [35, 36] 


Cocaine, ecgonine, ecgonine methyl ester, benzoylecgonine 

Layer: Silica gel 


Temperature: 260°C 


Reaction 

At elevated temperatures and possibly under the catalytic influence of the sorbent sur¬ 
face there is probably elimination of functional groups to yield aromatic ring systems 
that are excited to fluorescence under long-wavelength UV light (X = 365 nm). 


Method Ascending, one-dimensional development in a trough chaml 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 2 s 4 (Merck) . 

Mobile phase Methanol - water - dioxane - sodium acetate soluti 
(aqueous, 0.2 mol/L, pH 8.0) (60+ 28+12 + 10) 

Migration distance 5 cm 

Running time 30 min 

Detection and result: The chromatogram was briefly dried in a stream of cold air tl 
heated for 10 to 30 min at 260 °C in a drying oven. After cooling to room temperat 
(ca. 15 min) it was dipped in a solution of liquid paraffin - n-hexane (1 + 2) for : 
This stabilized the fluorescence and intensified it by a factor of about 2. 

On examination under long-wavelength UV light (X = 365 nm) ecgonine methyl e; 
(hi? f 30-35), cocaine (hR f 45-50), ecgonine (hi? f 55-60) and benzoylecgonine (1 
70-75) appeared as pale blue fluorescent chromatogram zones on a dark backgrou 
The detection limits were less than 10 ng substance per chromatogram zone. 


1 



Fig. I: Fluorescence scan of a chromatogram zone with 300 ng each of ecgonine methyl estei 
cocaine (2), ecgonine (3) and benzoylecgonine (4) per chromatogram zone. 


Note: The sodium acetate was added to the mobile phase solely to improve the sep 
tion. It had no detectable effect on the production of fluorescence during therma 
tivation, since the fluorescence reaction also occurred in the absence of sodium ace 
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In situ quantitation: The fluorimetric scan was carried out at A. rac = 313 nm and the 
fluorescence emission was measured at X n > 390 nm (cut off filter FI 39) (Fig. I). 

The last example for thermal activation to be discussed involves amino phases. 
Table 2.3 lists the publications concerning the specific detection of sugars and creatine 
derivatives by means of the fluorescence obtained on heating mobile phase-free “amino 
layer chromatograms”. 


Tabic 2.3: Summary of some examples of fluorimetric detection after thermal treatment of amino 
layers after chromatography. 


Substances 

Temperature/time 

Remarks 

Ref. 

Sugars, e.g. lactose, 
glucose, fructose 

120 °C, 15 min 

Violet fluorescence on a dark blue 
background. 

[31} 

Sugars, e.g. lactose, 
glucose, fructose 

120 °C, 15 min 

Induced fluorescence; detection limits 
in nanogram range. 

[32] 

Glucose, fructose 

Infrared lamp 
or 170 °C 

each for 3 min 

Heating produced stable bluish-white 
fluorescence (X^ = 365 nm and 

Xn > 400 nm, cut off filter K 400), 
detection limits; 5-10 ng. 

[33} 

Sugars, e.g. glucose, rham- 
nose, xylose etc. 

160°C, 3-4 min 
or infrared lamp 

Induction of brilliant stable fluores¬ 
cence X^ = 365 nm and X n >400 nm, 
(cut off filter K 400), sugar alcohols do 
not fluoresce; detection limits: 5-10 ng. 

[2] 

Creatine, creatinine, uric 
acid in urine and serum 

150°C, 3-4 min 

Stable fluorescence X^ = 365 nm and 

X n > 400 nm, (cut off filter K 400). 

[71 

Sugars, e.g. sucrose, 
ribose, xylose 

150°C, 3-4 min 

Induced fluorescence X„ c = 365 nm and 
Xfj > 400 nm, (cut off filter K 400). 

[34] 


Procedure Tested 


Catecholamines, Serotonin and 
Metabolites [37] 

Layer: NH 2 modified silica gel Temperature: 150°( 


Reaction 

Heteroaromatic ring systems are formed presumably with loss of functional groups, 
elevated temperatures and probably under the catalytic influence of the aminopro 
groups on the sorbent surface. The compounds so formed are excited to fluorescet 
by long-wavelength UV light (A. = 365 nm). 

Method Ascending, one-dimensional two-fold development (10 min ini 

mediate drying in stream of cold air) in a trough chamber withi 
chamber saturation. 

Layer HPTLC plates NH 2 F 25 4 S (Merck). 

Mobile phase Chloroform - 1-propanol - formic acid (50+10+5) 

Migration distance 2 x 7 cm 
Running time 2 x 30 min 

Detection and result: The chromatogram was dried for 10 min in a stream of warm 
and heated to ca. 150 °C under an infrared lamp, on a hot plate or in a drying cupbo 
for 3 to 4 min. 

Noradrenaline (“hi? f ” ~ 15) *), adrenaline (“h7? f ” ~20), serotonin (“hR " 
vanilmandelic acid (“h7? f ” ~45), creatinine (“hR f ” ~50), hydroxyindoleacetic a 
(“hi? f ” ~ 55) and homovanillic acid (“h7? f ” ~ 85) appear on examination in long-wa 


*) The figures given here are calculated in the same manner as h/? f even though two developmi 
were carried out. 



38 


1 Activation Reactions 


length UV light (X = 365 nm) as brilliant pale blue fluorescent chromatogram zones on 
a dark background (Fig. IA). Vanillic acid (“hi? f ” —90), on the other hand, only 
fluoresces weakly, but produces appreciable fluorescence quenching on NH 2 layers 
containing a fluorescence indicator (Fig. IB). 

Mobile phase front 

Homosaniili.- aelj •**«•» »*u>< ■. ? 3S|' f ? 

Vanillic acid 4 . 1 ( i j ^ jBSf | I 

Hydroxyindoleacetic acid KsIct' ' * '* ‘' > * 1 * 'JsFw 

Creatinine B 

Vanilmandelic acid j|| ' ' ' *' ‘ * * 

Serotonin ■! 

Adrenaline Hrtg^ r 1 • . 1 . s m««g* 1 ' u ! *f|i I 

Noradrenaline Kgf . T*”* • . a, |§|§|P 1 ^*.U,“gif 

Start »pki§ % JSf$«g ,4#1. 

Track 123 456789 123 456 789 

A B 

Fig. I: Chromatogram of catecholamines, serotonin and some metabolites together with 
creatinine: A) examination at X = 365 nm, B) examination at X = 254 nm. 

The visual detection limits for fluorimetric detection are substance-dependent and lie 
between 5 ng (adrenaline, noradrenaline) and 30 ng (homovanillic acid) substance per 
chromatogram zone. 

In situ quantitation: Fluorimetric evaluation was carried out by excitation at several 
wavelengths and by measuring the fluorescence emission. (Fig. II). 


1.2 Thermochemical Activation 



C D 


Fig. II: Fluorescence scan of a chromatogram track with 500 ng each of noradrenaline 
adrenaline (2), serotonin (3), vanilmandelic acid (4), 5-hydroxyindoleacetic acid (6), homovan 
acid (7) and vanillic acid (8) together with 230 ng creatinine, all per chromatogram zone: meas 
ment at X rac = 313 nm and X n >390 nm (cut off filter FI 39 (A)), X (!xc = 365 nm and X n >430 
(cut off filter FI 43 (B)), X^ = 405 nm and X n > 460 nm (cut off filter FI 46 (C)) anc 
X ac = 436 nm and X n > 560 nm (cut off filter FI 56 (D)). Under the conditions used for scar 
and C some substances appear as double peaks on account of fluorescence quenching at the ce: 
of the chromatogram zones as a consequence of the substance concentration being too higl 
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1.3 Electrochemical Activation 


Electromagnetic radiation energy can be used to stimulate substances to fluorescet 
after separation by thin-layer chromatography. Its action makes it possible to conv 
some nonfluorescent substances into fluorescent derivatives. The “active” sorbe 
often act as catalysts in such processes (cf. Chapter 1.1). 

The supply of thermal energy by a heater or 1R lamp is a second method of com 
ting the separated substances into fluorescent derivatives. Here too, at about tl 
decomposition temperatures, many substances react to form fluorescent derivati\ 
generally with the catalytic participation of the “active sorbent”. These fluoresc 
derivative often provide specific evidence concerning the nature of the substances be 
detected (cf. Chapter 1.2). 

A third possibility of converting nonfluorescent substances to fluorescent derivath 
without the use of additional reagents apart from the stationary phase on which 
separation has been carried out, is to place the plate in a “plasma chamber” for so 
time. 

The application of high tension (e. g. 20 kV, 0.5 MHz) in an evacuated sysl 
(0.2 ... 8 torr) causes the residual gas to form a highly ionized mixture of positive ; 
negative ions, electrons, photons and neutral gas molecules. In the presence of “acti 
sorbents this plasma reacts with the chromatographically separated substances to yi 
reactive ions and radicals. 

Depending on the structures of the substances being investigated the chromatogn 
are exposed to the effects of the plasma chamber for 5 to 300 s and then heated to 
130°C for 1 to 2 min [1] or irradiated with long-wavelength UV light for 3 min [2], 1 
causes the formation of fluorescent derivatives with the sorbent again acting a 
welcome catalyst. 

The residual gas in the plasma chamber can either be a noble gas, nitrogen, meth 
or hydrogen. Argon yields less intensely fluorescent substances and oxygen permits 
idation reactions that usually lead to nonfluorescent final products. The results 
tained by exposing to activated ammonia vapor [1] or acid vapors [3] reveal that 
displacements can also have positive effects here. Ammonium hydrogen carboi 
vapors also behave favorably. Segura and Gotto [4] used them for the inductior 
fluorescence using thermal activation many years ago. 

Some examples of substances present in chromatogram zones being made hij 
fluorescent by exposure to electrochemical stimulation in an atmosphere of nitrogen 
listed in Table 3 [1], The plates used were “Permakote” silica gel layers containing 
organic binder. However, silica gel 60 HPTLC plates (Merck) were also emplo; 
these yield a considerable background fluorescence on account of the organic bir 
they contain. 



42 


1 Activation Reactions 


1.3 Electrochemical Activation 


A 


It is also possible to ionize the gases at normal atmospheric pressure instead of using 
a plasma chamber [2]. In this case the gas is passed through a high tension field at a 
flow rate of 5 to 30 L/min (spark discharge: 20 kV, 0.5 MHz) and blown onto the 
chromatogram (Fig. 20). As in the case of the electric vacuum discharge-chamber 
described above the chromatographed substances are activated to intense fluorescence 
emission. Under favorable conditions (low background layer fluorescence) it is still 
possible to detect 1 ng chlorpromazine or n-C^H^ visually. Hence this mode of ac¬ 
tivation is just as sensitive as the thermochemically generated fluorescence described 
in Chapter 1.2 [3]. 


Test gas 



/ 


Glass base plate 


Table 3: Some substances that produce intense fluorescence when treated with ionized nitrogc 
after they have been chromatographed [1J. 


Substance 

Exposure time [s] 

Substance 

Exposure time [ 

Cholesterol 

60 

Oleic acid 

180 

Cholesteryl pelargonate 

60 

Morphine 

180 

Progesterone 

60 

Codeine 

180 

Testosterone 

60 

Cocaine 

180 

Dieldrin 

60 

Dimerol 

180 

Tetrahydrocannabinol 

60 

Phenobarbital 

180 

Inositol 

60 

Chlorpromazine 

180 

Laurylalcohol 

180 

d-Amphetamine sulfate 

180 

«-c 22 h 46 

180 

Methadone 

180 

Phenol 

180 
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Fig. 20: Schematic representation of an electric spark discharge chamber for the activation of 
gases at normal atmospheric pressure for the production of fluorescence in substances separated 
by thin-layer chromatography [2]. 



2 Reagents for the Recognition 
of Functional Groups 


The aim of most screening methods is to produce a yes/no decision, concerni 
whether the concentration of a certain substance in a sample exceeds a given limiti 
concentration or not. For instance, if the concentration of a substance lies below a p 
mitted maximum concentration then there is probably no need to analyse the samj 
However, if the content is in the region of or above the permitted limit, then the res 
must be confirmed by means of an exact quantitative determination. 

Such yes/no decisions are of great importance in foodstuffs control and environin' 
tal analysis. They also play an important role in pharmacy in the form of cont 
uniformity tests. Without suitable screening methods for rapid detection of posit 
samples it would scarcely be possible to carry out economic doping controls and t 
icological investigations or to recognize medicament abuse. 

Thin-layer chromatography is an excellent screening method because: 

• Many samples can be chromatographed alongside each other. 

• It is possible to chromatograph reference substances on the same TLC/HPT 
plate and thus compare unknown samples in the same defined system. 

• Only a few milliliters of mobile phase are required for the separations so that th 
are scarcely any disposal problems. 

• The whole chromatogram can be taken in at a glance and an immediate compara! 
evaluation can be made. 

• It is often possible to carry out any clean-up step that may be necessary in the c 
centrating zone of a suitable chromatographic plate, in any event clean-up is ’ 
complex than for other forms of chromatography. 

• There is no necessity to regenerate the sorbent since TLC/HPTLC plates are 
generally used twice. 

The unequivocal recognition or exclusion of particular substances in question is 
especial importance for such screening methods. As far as the chemist is concerned i 
can involve a deliberate search for substances with particular functional groups; I 
ticular questions that might require answering might include the following: 

• Does the sample contain a substance with a carbonyl group or one that has b 
produced by oxidation of an alcoholic OH group? 

• Does the reduction of the sample molecule lead to the formation of substances c 
taining amino groups? 
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• Are there substances in the sample capable of coupling reactions and where are they 
to be found in the chromatogram? 

These few questions serve to demonstrate that there must be great interest in 
characterizing chemical compounds by means of their reactive functional groups. The 
most important group-specific reagents for postchromatographic derivatization are 
listed alphabetically in Table 4 below: 


Table 4: Reagents suitable for the recognition of functional groups. 


Functional 

group 

Reagent 

Remarks 

Reference 

Acetylene 

compounds 

Dicobaltoctacarbonyl 

Formation of colored complexes. 

After the reagent excess has been 
washed out, reaction with bromine 
vapor yields cobalt bromide, which 
reacts with a-nitroso-p-naphthol to 
yield red chromatogram zones on an 
almost colorless background. 

[11] 

Aldehydes 

4-Amino-3-hydrazino-5- 
mercapto-1,2,4-triazole 
(Purpald reagent) 

Aldehydes yield violet chromatogram 
zones on a whitish-yellow background. 
Some alcohols form yellow to orange- 
colored chromatogram zones. 

[2] 

Aldehydes 

2,4-Dinitrophenyl- 

hydrazine 

Formation of colored hydrazones or 
osazones. It is possible to distinguish 
between saturated and unsaturated 
hydrazones using potassium hexacyano- 
ferrate(III) [5]. 

[3, 4] 

Aldehydes 

Hydrazine sulfate + 
hydrochloric acid 

Aromatic aldehydes yield colored 
hydrazones. 

[6] 

Alcohols 

4-(4-Nitrobenzyl)- 

pyridine 

Amino compounds, esters and ethers 
do not interfere, but phenols and acids 
as well as epoxides, olefins and 
substances containing labile halogen 
probably do. 

[?] 

Alcohols (diols, 
polyols, sugars) 

Lead(IV) acetate - 
dichloro fluorescein 

Diol cleavage of vicinal diols, e.g. 
sugars, sugar alcohols. The lead 
tetraacetate consumed is no longer 
available to decompose the fluorescent 
dichlorofluorescein. 

[3, 8] 


Table 4: (continued) 


Functional 

group 

Amines 

(primary) 


Amines 
(primary 
aliphatic and 
aromatic) 

Amines 

(primary) 


Amines 

(primary) 


Amines 

(primary) 


Amines 

(primary 

aromatic) 


Amines 

(primary 

aromatic) 

Amines 
(capable of 
coupling) 


Reagent 


Remarks 


Referer 


Ninhydrin 


Diphenylboric anhydride 
+ salicylaldehyde 
(DOOB) 


Reddish or bluish chromatogram zones [3, 9' 
are produced, amino sugars and amino 
acids also react. Unexpectedly ascorbic 
acid also reacts. 

Fluorescent reaction products are pro- [3, 10, 
duced. 


o-Phthalaldehyde (OPA) 


Trinitrobenzenesulfonic 
acid (TNBS) 


Fluorescamine 


Sodium nitrite + 
a-naphthol or Bratton- 
Marshall reagent 

4-(Dimethylamino)-benz- 
aldehyde + acid 


In the presence of mercaptoethanol [3, Y. 
o-phthalaldehyde reacts with primary 
amines and amino acids to yield 
fluorescent isoindole derivatives. 

On heating primary amines react with [3, l: 
TNBA to yield intensely colored 
Meisenheimer complexes. Amino acids 
also react. 

Primary aliphatic and aromatic amines [3, U 
yield fluorescent derivatives. Primary [15] 

aromatic amines yield stable yellow- 
colored derivatives that can be eluted 
from the TLC layer [16]. 

Diazotization of the primary amine [3, 1 
followed by coupling with a-naphthol 
or N-(l-naphthyl)-ethylenediamine. Sul¬ 
fonamides also react [18]. 

Alkaloids and indole derivatives also [17 

react [19]. 


Fast blue salt B, fast 
blue salt BB, fast black 
salt K, diazotized 
sulfanilic acid (Pauly’s 
reagent), diazotized 
sulfanilamide or 
4-nitroaniline 


Intensely colored azo dyes are pro¬ 
duced. Catecholamines [20], imidazoles 
[21] and phenols also react. 


[ 3 , 
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Table 4 : (continued) 


Functional 

group 

Reagent 

Remarks Reference 

Amines 

7-Chloro-4-nitrobenzo-2- 

Fluorescent 4-nitrobenzofurazan deriva- 

[3] 

(primary and 

oxa-l,3-diazole (NBD 

tives are produced. Phenols and thiols 


secondary) 

chloride) 

also react. 


Amines 
(primary and 
secondary 
aromatic) 

p-Chloranil 

The reaction depends on the catalytic 
effect of silica gel. Monochlorobenzene, 
as solvent for the reagent, also con¬ 
tributes. There is no reaction on 
cellulose layers. 

[17, 22] 

Amines 

Sodium nitroprusside 

Secondary aliphatic and alicyclic 

[23, 24] 

(secondary 
aliphatic and 
alicyclic) 

+ acetaldehyde 

amines yield blue-colored chromato¬ 
gram zones (e.g. morpholine, diethanol¬ 
amine). 


Amines 
(long-chain 
primary, secon- 

Cobalt(II) thiocyanate 

Long-chain primary, secondary and ter¬ 
tiary amines and long-chain quaternary 
ammonium salts yield blue chromato- 


dary and tertiary 
plus quaternary 
ammonium salts 


gram zones on a pink background. 

[251 

Carboxyl groups 

Indicators, e.g. 

Detection depends on the color change 

[2, 26] 

(carboxylic acids) 

bromocresol green, 
bromocresol green + 
bromophenol blue + 
potassium permanganate, 
bromocresol purple, 
methyl red + bromo- 
thymol blue 

of the indicator in acid medium. 
Quaternary ammonium salts give a 
color change in some cases [2], 

[3, 27] 

Carboxyl groups 

2,6-Dichlorophenol- 

Organic acids release the red un- 

[3] 

(carboxylic acids) 

indophenol (Ullmann’s 
reagent) 

dissociated acid from the blue 
mesomerically stabilized phenolate 
anion. Reductones reduce the reagent 
to a colorless compound. 

[28, 29] 

Carboxyl groups 

Aniline + aldose 

The action of acid causes glucose to be 

[3] 

(carboxylic acids) 

(e. g. glucose) 

converted to furfural which reacts with 
aniline to yield a colored product. 



Table 4: (continued) 


Functional 

group 

Reagent 

Remarks 

Referei 

Halogen 

derivatives 

Silver nitrate, am- 
moniacal (Dedonder’s, 

Toli.ens 1 or Zaffaroni’s 

reagent) 

Halogen compounds yield black 
chromatogram zones on a pale gray 
background. 

[2] 

Ketones 

2,4-Dinitrophenyl- 

hydrazine 

Formation of colored hydrazones or 
osazones. It is possible to distinguish 
between saturated and unsaturated 
hydrazones using potassium hexa- 
cyanoferrate(III) [5], 

[3,4 

Nitro derivatives 

Benzylcyanide + benzyl- 

trimethylammonium 

hydroxide 

Nitro compounds, e.g. explosives, or 
pesticides containing nitro groups yield 
gray to bluish-green chromatogram 
zones on a brownish background. 

[30] 

Peroxides 

1-Naphthol + N 4 -ethyl- 
N (2-methanesulfon- 
amidoethyl)-2-methyl- 
1,4-phenylenediamine 
(peroxide reagent) 

A quinonimine dyestuff is produced on 
reaction with peroxides. 

[3] 

Peroxides 

Iron(II) sulfate + 
ammonium thiocyanate 

Peroxides rapidly oxidize iron(II) to 
iron(III) ions which react to yield 
brown-red iron(III) thiocyanate com¬ 
plexes. 

[31, : 

Peroxides 

Potassium iodide + 

starch 

Peroxides release free iodine which 
forms a blue complex with the starch. 

[17, : 

Peroxides 

N,N-Dimethyl-1,4- 
phenylenediamine (N,N- 
DPDD), N,N,N',N'-tetra- 
methyl-l,4-phenylene- 
diamine (TPDD) 

Peroxides, e.g. alkyl hydroperoxides, 
oxidize N.N-DPDD to Wurster’s red 

and TPDD to Wurster’s blue. 

[17 

[34 

Phenols 

7-Chloro-4-nitrobenzo- 
2-oxa-l,3-diazole (NBD 
chloride) 

Fluorescent 4-nitrobenzofuran 
derivatives are produced. Primary and 
secondary aromatic amines and thiols 
also react. 

[3] 
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Table 4: (continued) 


Functional 

group 

Reagent 

Remarks 

Reference 

Phenols (capable Fast blue salt B, fast 
of coupling) blue salt BB, fast black 

salt K, diazotized 
sulfanilic acid (Pauly’s 
reagent) diazotized 
sulfanilamide or 

4-nitroaniline 

Intensely colored azo dyes are formed. 
Catecholamines [20, 35], imidazoles 
[21] and amines capable of coupling 
also react. 

[3, 17] 

Thiols, 

thioethers, 

disulfides 

Sodium metaperiodate 
+ benzidine 

Substances with divalent sulfur yield 
white chromatogram zones on a blue 
background. 

[36] 

Thiols 

7-Chloro-4-nitrobenzo- 
2-oxa-l,3-diazole 
(NBD chloride) 

Fluorescent 4-nitrobenzofuran 
derivatives are formed. Primary and 
secondary aromatic amines and 
phenols also react. 

[3] 


It should be remembered that the group-specific reagents listed in Table 4 are rarely 
completely selective, for there are almost always a few substances that do not contain 
the particular group and yet give a comparable reaction! The detection of ascorbic 
acid with ninhydrin is a spectacular example of this. Ninhydrin usually reacts with 
primary amino groups. The other side of the coin is that there is scarcely a more sen¬ 
sitive reagent for vitamin C even though this substance does not contain an amino 
group. 

In addition the role played by the sorbent on which the chromatography is carried 
out must not be neglected. For instance, it is only on aluminium oxide layers and not 
on silica gel that it is possible to detect caffeine and codeine by exposure to chlorine 
gas and treatment with potassium iodide - benzidine [37]. The detection limits can 
also depend on the sorbent used. The detection limit is also a function of the h/? f 
value. The concentration of substance per chromatogram zone is greater when the 
migration distance is short than it is for components with high hi? f values. Hence, 
compounds with low hi? f values are more sensitively detected. 

These reactions at particular functional groups of the sample molecule are closely 
related in an inverse sense with those reagents which bring their own functional group 
into the molecule. The numerous “aldehyde — acid” reactions are an example. 
Numerous monographs of such reactions are already included in Volume la. Their reac¬ 


tivity depends on the ready polarizability of the carbonyl group as a result of the ind 
tive effect of the carbonyl oxygen. 


8/0 


R-C' 


The carbonyl group also possesses electrophilic properties at the carbon atom 
nucleophilic properties at the oxygen atom. Nucleophilic attack of the carbonyl gn 
is favored if this is attached to an aromatic ring (inductive effect) and there is als 
methoxy or phenolic OH group present in the 4-position. Changing a neutral read 
medium by proton addition has the same effect. 


♦ , 9 ' ^ 

R-C. + H+ 


+ />H 
R-C. 


Three large groups of substances are suitable nucleophilic reaction partners, nami 


• bases 

• C-H acidic compounds 

• crypto bases. 


The boundaries between these groups are not always easily delineated. Neverthel 
the classification is useful in practice [38], A selection of “base” reactions is listec 
Table 5. 


Table 5: Reactions of bases with carbonyl compounds, a selection. 


Reactants 



Reaction/reaction product 


\ p h 



C=0 + H-O-H 

A* 


Hydrates 

V=0 + H-O-R 

\ c ^ 0H + ROH (H + ) 

7 OR - H >° 

hermi acetal 

\ ,<* 

X .SR 

Acetals and ketals 

+ H-S-R 


Ar 

Mercaptals 
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Table 5: (continued) 


Reactants Reaction/reaktion product 


c=o 


H 

"n-r 


H 


OH 


-h 2 o 


Schiff’s bases 


+ nh 2 -oh 


x c=noh 

/ 


Oximes 


+ nh 2 -nh-r 


^C=N-NHR 


(Substituted) hydrazones 


+ nh 2 -nh-co-nh 2 


^c=n-nh-co-nh 2 


Semicarbazones 




;c=0 + H-NR, 


, 0H . NRj 

V -- x c=c / Enamines 

/ Vo - H ’° / \ 


OH 

x c=o + s=o 

/ ONa 


\ / 0H 

\ ,0 

' "sio 

ONa 


Bisulfite addition compounds 


c=o + 




;c=P(C 6 h 5 ) 3 


- tC 6 H 5 ) 3 PO / C C \ 


Wittig reaction 


N c=0 + 2e“ + 2H * 
/ 


^CH-OH 


Hydrogenation to alcohols 


Table 6: Reaction of carbonyl compounds (aldehydes, ketones) with C-H acidic compou: 
a selection. 

Reactant Reaction/reaction product 


OH 

\ i 

C=0 + H-CsN == —C—C = N 
/ I 


Cyanhydrins 


OH 

\ I 

C=0 + H— C =C—H -C—C = C-H 

/ I 


Ethinylization 


v c=o + — ch 2 —c 


/ 


H(R) 


? H ,p 

-C-CH-C 
I I \ 

H(R) 


h 2 o 


' K C=C—C*' 
/ I \ 


H(R) 


Ar-C 


Ar-C 


CH 3 —C v 


CH 3 -C v 


ch 2 -c 


c=o + 


OH 


NH-C 

c 6 h 5 

ch 2 -coor 

I 

Cl 

X 

/ 


CH, 


Ar-CH=CH-C 




OH 


Ar—CH=C—C 

I > 

N=C 

C6H5 


o 

/ \ 

—C—CH-COOR 


C=C 
/ \ 


Aldol addition 


Aldol condensation 


Perkjn reaction 


Erlenmeyer reaction 


Darzen’s glycide ester synth 


Knoevenagel condensation 


C-H acidic compounds do not possess any basic properties. But they can form anions 
in the presence of strong bases, and these possess sufficiently strong nucleophilic pro¬ 
perties to be able to add to a polarized carbonyl group. Examples are listed in Table 6. 


It is not possible to draw a sharp boundary between the reaction of C-H at 
substances (e. g. aldol reactions) and the reactions of cryptobases. The cryptobase: 
elude organometallic compounds and metal hydrides, whose alkyl residues or hydre 
atoms are rendered negative by the +1 effect of the metal and, hence, are rea 
transferred to a carbonyl group together with their bonding electrons. Hydrogen at 
attached to carbon atoms can also react when they are subject to great electron press 
Here the presence of Lewts acids induces reactions which usually take place via a c 
transition state where all electron transfers are simultaneous. The named react 
listed in Table 7 are examples. 
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5 : 


Table 7: Reactions of carbonyl groups with cryptobases. 


Reactant 


c=o + ,CH-OH 


^ch-oh + f'-=o 


AI(OR), 

R-CHO + R-CHO -- R-COOCH 2 -R 


R-CHO + R-CHO + H 2 0 


R-COOH 4 R-CH 2 OH 


C=0 4 


HN^ + HCOOH 


CH-N 4 C0 2 4 H 2 0 


x \ / 0M g X + h 2 o \ .OH 

C=0 4 R-MgX -- c -C 

/ 6 / V R - XMgOH / V R 


4 'C=0 4 LiAlH 4 


OH* 


AlLi 


H,0 \ 

—4 y CH-0H 


Reaction/reaction product 

Meerwein-Pon'kdort reduction 
Oppenauer oxidation 

Claisen-Dscenko reaction 

Cannizzaro reaction 

Leuckart-Wallach reaction 
Grignard reaction 

Reduction with complex 
hydrides 


These basic reaction mechanisms occur with many of the reagents treated in Volumes 
la and lb. The following examples can be listed: 

• 4-Aminobenzoic acid + sugars 

• 2-Aminodiphenyl — sulfuric acid + carbonyl compounds 

• 4-Aminohippuric acid + monosaccharides 

• 4-Aminohippuric acid — phthalic acid + sugars 

• Aniline — diphenylamine — phosphoric acid + sugars 

• Aniline - phosphoric acid + carbohydrates 
Aniline — phthalic acid + sugars 

• Anisaldehyde — phthalic acid + sugars 

• p-Anisidine — phthalic acid + oligosaccharides 

• 4-(Dimethylamino)-cinnamaldehyde — hydrochloric acid + indole derivatives 

• 2,4-Dinitrophenylhydrazine + carbonyl compounds 

• Ehrlich’s reagent + indole derivatives 

• EP reagent + terpenes 

• Marquis* reagent + alkaloids 

• 1,2-Phenylenediamine - trichloroacetic acid + ascorbic acid 

• Prochazka’s reagent + indole derivatives 

• Van Urk’s reagent + indole derivatives 
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3 Reagent Sequences 


Thin-layer chromatography has the great advantage that the result of the separation is 
stored — usually invisibly — on the TLC/HPTLC plate as on a diskette. In such cases 
it needs developing or detecting, rather like an exposed film. This can now be done on¬ 
line or off-line so that the analyst can decide which method to use to detect the 
separated substances. 

Physical methods, some of which can be applied in the on-line mode (Fig. 8) and 
physiological methods providing information concerning the effectivity of the sepa¬ 
rated substance can be used. A later volume will treat these bioautographic methods 
which can be subdivided into bioassays (off-line) and bioautogrammes (on-line). 

The microchemical detection methods are the most economical methods and the 
simplest for the chemist to carry out. No expensive apparatus is required and in certain 
circumstances they can be combined with the two detection methods mentioned above. 

The aim of microchemical investigations on TLC/HPTLC plates is to provide infor¬ 
mation concerning identity and/or purity. Quantitation is not usually carried out but 
is possible at any time. The simple absence of a reaction is frequently taken as evidence 
of the absence of a particular substance. 

If color reactions occur these serve to help characterize the substance. They can only 
ever act as a pointer to the presence of a substance, but never as proof even when ac¬ 
companied by a separation process. Unequivocal identification requires a mosaic of 
many pieces of information (h/? f values, color reactions UV/VIS, IR, Raman, mass 
spectra etc). 

As is well known the difficulty of analysis of a sample increases as its complexity in¬ 
creases. Analysis usually commences with a rather nonspecific clean-up step and re¬ 
quires that the separation step that follows be highly selective and depends on a detec¬ 
tion step that is as specific as possible. As the selectivity of detection increases there 
is also an increase in the reliability of the identification and it is possible to reduce the 
demands made on the selectivity of the preceding separation method. This is the case 
for radiometric and enzymatic methods and also explains the popularity of 
fluorescence measurements. The latter obtain their selectivity from the freedom to 
choose excitation and measurement wavelengths. 

Color reactions are more or less clearly defined reactions of the substances with 
suitable reagents. Substance-specific reactions are not usually available, e.g. many com¬ 
pounds with aromatic skeletons give both a positive Vitali-Morin reaction [1 -4] and 
a positive Marquis reaction [4]. Again, numerous aldehydes react with electron-rich 
compounds in acidic medium to yield colored substances (cf. Chapters 2 and 3.1). 
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Reactions can be exploited more specifically if it is known that particular functional 
groups are present [cf. Chapter 2]. They still do not allow direct identification, but they 
increase the specificity of the evidence. The chromatographic separation carried out 
before detection also contributes to this. This reduces the number of potential com¬ 
ponents. However, this does not exclude the possibility that there might be several 
substances in the particular part of the chromatogram involved. This not only applies 
to thin-layer chromatography but also applies with equal force to other microanalytical 
separation methods (GC, HPLC). 

It is often possible to increase the selectivity of detection by carrying out a sequence 
of reactions on one and the same chromatographic plate - a technique that is only 
possible in thin-layer chromatography. In principle it is possible to distinguish between 
two sorts of reagent sequence (“TYPE A” and “TYPE B”), which are discussed in this 
and the next volume. 

The examples that are treated below are those sequences where all steps — except the 
last — are preparations for a color or fluorescence derivatization reaction which is car¬ 
ried out in the last step, i. e. they can be regarded as a sort of selective in situ pretreat¬ 
ment for a final detection reaction. Such reaction sequences are frequently necessary 
because all the reagents cannot be mixed together in a single solvent, or because it is 
necessary to dry, heat or irradiate with UV light between the individual reaction steps. 
The detection of aromatics by the reaction sequence “nitration - reduction - 
diazotization — couple to form an azo dye’’ is an example of this type (Fig 21). 


Diazotization and coupling 

i 

Azo dye 


Aromatic 


Nitro compounds 

Reduction 

Amino compounds 


Aliphatic. 


Reagent for prim, amines 

) 

Color reaction, 
Fluorescence 


Fig. 21: Reaction scheme for the detection of aromatics, by means of the reaction sequence, nitra¬ 
tion, reduction, diazotization and coupling to an azo dye, and of aliphatic nitro compounds by 
detection of the primary amino group produced on reduction. 


The “true” reaction sequences that will be described in Volume 1 c are frequently used 
in toxicological analysis, since the unequivocal identification of medicaments, intox¬ 
icants and addictive drugs in body fluids almost always requires the simultaneous detec¬ 
tion of many possible substances with completely different chemical characteristics. For 


this purpose various staining reagents, each of which can be used individually for a par¬ 
ticular substance class, are applied consecutively to the same chromatogram. After each 
application the result is evaluated under visible or UV light and the result recorded 
photographically, if necessary, for it is possible that the result obtained might be 
destroyed or made unrecognizable by the next reaction step. (Fig. 22). 


Primary amines 

violet, pink, 
* purple 


Medicament 



Reagent II 


Phenothiazines 

reddish- 

brown 

Dibenzazepines 
—*• blue 


Reagent III 


Tertiary and 
quaternary amines 
reddish-brown, 
—► green or 
b luish-purple 

Secondary amines 
—*• earth-colored 



Alkaloids 
—► yellow, orange 


Fig. 22: Scheme for type B reagent sequence (cf. the reagent sequence “ninhydrin — iron(III 
chloride — Dragendorff — potassium iodoplatinate” [6]). 


Therefore, such sequential in situ reactions are always carried out either in order t< 
prepare a substance for a color reaction that is to follow or to increase the amount o 
information that is obtained by exploiting a combination of different independent reac 
tions. This provides information that could not be obtained using one single reagent 
Both types of reagent sequence are frequently used when the samples are comple 
in nature (plant extracts, urine, environmental samples etc.). It can happen that an ex 
cess of reagent A could interfere with the reaction of the following reagent B. With th 
dipping technique it is also possible that reagent transfer might occur making it onl 
possible to use reagent B once. 

In such cases it is possible to use intermediate “rinsing troughs” in the form of apprc 
priately prepared dipping chambers (Fig. 23) or diffusion destaining apparatus, such a 
is used in electrophoresis (Fig. 24). These can also be used sometimes to destain the laye 
background when single reagents are used (cf. potassium hexaiodoplatinate reagent). 
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( 



A B 

Fig. 23: Chromatogram dipping device III (Camag) (A), (Desaga) (B). 



Fig. 24: Diffusion destaining apparatus (Desaga). The dish contains the wash liquid and is 
periodically tilted so that the reagent excess is removed from the chromatogram plate. 


Thin-layer chromatography usually involves the adsorption chromatographic separ 
tion of substance mixtures into polarity groups. It is well known that clean lookii 
chromatographic peaks can “hide” several substances. For instance, primary, secon 
ary and tertiary alcohols are to be found at very nearly the same hR f . 

It is only possible to distinguish them on the basis of prechromatographic reactior 
Here it is possible to acetylate primary alcohols without difficulty while leaving tertia 
alcohols unreacted under the conditions chosen. 

Secondly it is possible to carry out “functional chromatography” within tl 
framework of a two-dimensional development [6-8]. The first separation is followi 
by an in situ reaction of the sample substance on the layer; the chromatogram is thi 
developed perpendicular to the direction of the first chromatogram (SRS techniqui 
The decision concerning the type of alcohol, is then made on the basis of the positio 
of the chromatogram zones: esters migrate appreciable further than their pare 
alcohols and acids. 

Thirdly, if it is not possible to apply the SRS technique, it can be established wheth 
a primary, secondary or tertiary alcohol is present by oxidizing the alcohol on t 
chromatographic zone and then subjecting the oxidation product to a detection ret 
tion. On oxidation primary alcohols form aldehydes, secondary alcohols ketones ai 
tertiary alcohols are not oxidized. 


Alcohol 


. oxidation . , . , 

primary -► aldehyde 

secondary - > ketone 

, .. oxidation 

tertiary -* no reaction 


If a group-specific reagent is now used, e.g. one that is chosen to react specifica 
with the reducing properties of aldehydes (ammoniacal silver nitrate solution) or 
react with ketones (2,4-dinitrophenylhydrazine [9]) it is very simple to determine whi 
form of alcohol is present in the sample. 

This example demonstrates the following: 

• The derivatization is always carried out with an aim in mind, 

• Group-specific reagents can provide evidence to characterize the substance, 

• The desired results can be obtained by multiple chromatography or multiple in s 
reaction at the same chromatogram zone. 

This leads to savings of time and materials. 
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3 Reagent Sequences 


j.z uxiaanons ana txeaucaons 


The specific detection of aromatic nitro compounds is a second example. These can 
be converted by reduction to primary amines, which are then diazotized and coupled 
to yield azo dyes (cf. reagent sequence “Titanium(III) chloride — Bratton-Marshall 
reagent”). Sodium nitrite - naphthol reagent, diazotized sulfanilic acid and other 
reagents specific for amino groups (e.g. ninhydrin, fluorescamine, DOOB, NBD 
chloride [9]) can also be used in the second stage of the reaction (Fig. 21). 

Finally some reagent sequences are included that lead to a selectivity increase on 
detection. These frequently yield cationic, anionic or neutral polymethynes, azo dyes, 
quinonoid or indigoid dyes [4]. Polymethyne radicals, polyenes and metal and charge 
transfer complexes are also represented [4], With such a large number of possibilities 
it is self-evident that any list will be incomplete and that some reaction sequences can 
be assigned to various reaction categories. The examples included are taken from the 
literature and have been included without their having been checked by the authors. 
A gray bar at the side of the text makes this evident. 


phenols, pyrrole or indole derivatives as reaction partners [4], Examples are to be four 
in the reagent monographs. 

Primary alcohols can be selectively detected using reagent sequences involving an i 
itial oxidation to yield aldehydes that are then reacted in acid medium with electron-rii 
aromatics or heteroaromatics, according to the above scheme, to yield intensely colon 
triphenylmethane dyes. 

Secondary alcohols yield ketones on oxidation and these can be reacted with 2, 
dinitrophenylhydrazine to yield the corresponding colored hydrazones. 

These examples form a link with derivatizations depending on redox reactions. 


3.2 Oxidations and Reductions 


3.1 Electrophilic Substitutions 

Many known color reactions involve electrophilic substitution at an electron-rich 
aromatic or heteroaromatic (cf. “4-(dimethylamino)-benzaldehyde — acid reagents” and 
“vanillin reagents”). Here aliphatic or aromatic aldehydes react in acid medium to yield 
polymethyne cations which are intensely colored di- or triarylcarbenium ions [4, 10], 


Substances that can oxidize to form a system of conjugated double bonds are frequent 
oxidized by atmospheric oxygen, iodine or iron(III) salts. The products are chrom 
phoric systems frequently containing ortho- or /wra-quinoid structure. 

For instance morphine (1) can be detected by the formation of various quinones v 
apomorphine as intermediate [4, 12, 13]. All morphines with an OH group in the 
position and a A 7,8 double bond (codeine, ethylmorphine etc.) first undergo an aci 
catalyzed rearrangement according to the following scheme [12]: 



R' 




Fomaldehyde (Marquis [ii] and Prochazka reagent), furfural, 4-methoxybenzalde- 
hyde, 4-(dimethylamino)-cinnamaldehyde and 4-(dimethylamino)-benzaldehyde (Ehr¬ 
lich’s, Van Urk’s, Morgan-Elson or EP reagents) react according to this scheme with 


( 1 ) 


( 2 ) 


(3) 





5 Reagent Sequences 


3.2 Oxidations and Reductions 
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Here the alcoholic hydroxyl is first protonated and then eliminated as water. The 
allylcarbenium ion (2) is initially stabilized by elimination of the proton at C-14. Then 
the ether link is opened after protonation of the ring oxygen with the formation of 
carbenium ion (3), whereby the neighboring C-C bond of the piperidine ring is cleaved 
with aromatization of the C ring. The carbenium ion (4) formed is stabilized by 
elimination of a proton and ring closure to apomorphine (5). 

The ortho diphenolic structure of apomorphine makes it a strongly reducing 
substance; hence, in acid medium it forms the blue colored ortho -quinone (6) with 
iodine or other oxidizing agent which is in equilibrium with its zwitterionic limiting 
structure (7) (Pellargi’s reaction [14]). 



In alkaline medium, in contrast, apomorphine (5) yields the two quinones (9) 
(10) [16]: 



Redox reactions can naturally lead to the formation of numerous other colt 
substances in addition to quinonoid and radical chromophores. These include: 


The Husemann and Erdmann identification reactions for morphine and codeine in 
the DAB 9 (German Pharmacopoeia) involve the formation of the red-colored ortho- 
quinone (8) via apomorphine (5) under the influence of nitric acid with the simulta¬ 
neous nitration of the benzene ring [15]. 



• The thalleiochin reaction for the specific detection of quinine alkaloids carryinj 
oxygen group at C-6 of the quinoline nucleus (e. g. quinine and quinidine) [17], or 

• Kober reaction of phenolic steroids with strong acids leading to polymethyne ( 
[18, 19]. 

• The well-known triphenyltetrazolium chloride (TTC) reaction for the detectioi 
a-ketolsteroids, pyridinium carbinols and pyridinium glycols can also be inclu 
here [20-23], The chromophore system of the red-colored formazan dye prodi 
by reduction of the TTC is composed of highly conjugated double bonds resul 
from the combination of a phenylhydrazone group with an azo group: 


H,C f 


N 


Cf,H s 


x,-'N + 

N \ 


-HC1 


h 5 c 6 ^ 


,N—NH—CfiH 


6 n 5 


Cf,Hs 


TTC 


// 

v n=n-c 6 h 5 

Formazan 


The following examples of reagent sequences, which include the reagent “i 
monium monovanadate - p-anisidine” described in the second part of the book 
also be classified as redox reactions. 
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3 Reagent Sequences 


i 



4-Aminobenzenesulfonic Acid/ 
8-Hydroxyquinoline-ThionyI 
Chloride-Ammonia Vapors 


Vries, G., Brinkman, U.A.T.: “A Sensitive and Selective Reaction for Nitrate-Application 
in Thin-Layer Chromatography”, Mikrochim. Acta (Henna) 19*4, 47-52. 


Reagent Sequence for: 


• Nitrate and nitrite ions 


Preparation of the Reagents 

Reagent 1 Coupling reagent 

Dipping solution 1: Dissolve 500 mg 4-aminobenzenesulfonic acid 
and 150 mg 8 -hydroxyquinoline in 100 ml of a mixture of acetone — 
diethyl ether — water (12 + 12 + 1). This solution is stable for several 
months. It should be topped up with diethyl ether from time to time 
to make up for evaporation losses. 

Reagent 2 Reduction 

Dipping solution 2: Dissolve 3 g thionyl chloride in 100 ml decane. 

Reagent 3 Adjustment of pH 

Ammonia vapor: Place 5 to 10 ml cone, ammonia solution in the free 
trough of a twin-trough chamber. 


3.2 Oxidations and Reductions t 

Reaction 


Nitrates and nitrites are first reduced to nitrosyl chloride with thionyl chloride. T1 
volatile nitrosyl chloride then reacts with 4-aminobenzenesulfonic acid to yield 
diazonium salt that then couples with 8 -hydroxyquinoline to form a colored azo cor 
pound. Hence, the coupling reagent is applied to the chromatogram first. 


Method 


The dried chromatogram is first dipped in reagent solution 1 for 1 s, dried briefly 
a stream of cold air and then dipped in reagent solution 2 for 1 s. The TLC/HPTL 
plate is then held upright on tissue paper to allow excess reagent to drain away; whi 
the layer appears matt it is covered with a glass plate and kept at room temperature fi 
5 min. Afterwards it is dried in a stream of hot air and exposed to ammonia vape 

Nitrate and nitrite ions yield orange-brown to magenta-red chromatogram zones c 
a pale yellow background immediately on treatment with ammonia; these zones a 
stable for days in an atmosphere of ammonia. 

Note: When combined with thin-layer chromatographic separation the reagent provid 
a specific detection method for nitrate and nitrite. The color development is often cor 
pleted within a few minutes on silica gel plates. In the absence of ammonia vapor trac 
of oxides of nitrogen in the laboratory atmosphere can slowly cause the backgrout 
to become reddish-brown. The simultaneous presence of the following ions in tl 
chromatogram zones interferes with the detection of nitrate/nitrite: I", IOj, IO 
MoO^- and H 2 P0 2 . 

The detection limits are slightly dependent on the layer involved, lying between 5 at 
10 ng (RP 8 , RP 18, silica gel 60) and 50 ng (cellulose, NH 2 ) per chromatogram zor 
The detection of 20 ng nitrate is not prevented by a one hundred-fold excess of tl 
following ions: NHj, Li + , Na + , K + , Mg 2+ , Ca 2+ , Ba 2+ , Zn 2+ , Hg 2 + , Al 3 
Sb 3+ , Bi 3+ , Zr 3+ , Ag + , Ni 2+ , Mn 2+ , UO^ + , F", CLO;, Br", CN~, NCS", BO 
SiOf, SiFj;-, ASO 4 ', AsO , SOf', S 2 Of-, SO^, OH" and CHjCOO". Colored io 
such as Fe 3+ , Cu 2+ , Cr 3+ etc. can, however, interfere. 

The reagent can be employed on silica gel, kieselguhr. Si 50000, RP, NH 2 ai 
cellulose layers. 
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3 Reagent Sequences 


3.2 Oxidations and Reductions 


tert -Butyl Hypochlorite- 
Potassium Iodide/Starch 

Purkayastha, R.: “Simultaneous Detection of the Residues of Atrazine and Linuron in 
Water, Soil, Plant and Animal Samples by Thin-Layer Chromatography”, Intermit. J. En¬ 
viron. Anal Chem.: 1971, I, 147-158. 


Reagent Sequence for: 


Method 

First spray the dried chromatogram homogeneously with reagent 1. Then remove ext 
reagent in a stream of cold air in the fume cupboard (ca. 30 min for silica gel and 
for aluminium oxide layers). Then spray the chromatogram lightly with reagent 1 
Urea herbicides give pale yellow and s-triazines blue chromatogram zones on a i 
orless background. 

Note: The reagent sequence is a modification of the “chlorine —potassium iod 
starch” reagent. 

The detection limits - dependent on the TLC layer - lie between 0.2 and 0.5 
substance per chromatogram zone for atrazine and linuron. 

The reagent can be employed on aluminium oxide, silica gel, kieselguhr and Si 50 
layers. 


• s-Triazine and urea herbicides 
e.g. atrazine, linuron 


Preparation of the Reagents 


Reagent 1 


Reagent 2 


Chlorination 

Spray solution 1: Mix 1 ml fe/7-butyl hypochlorite with 100 ml 
cyclohexane. 

Oxidation 

Spray solution 2: Dissolve 1 g potassium iodide and 1 g soluble starch 
in 100 ml water. 


Reaction 


The y-triazines undergo chlorination at nitrogen to yield reactive N-chloro derivatives 
which oxidize iodide to iodine in the second step. This then forms an intense blue 
iodine-starch inclusion complex with starch. 




/u 


i neagent sequences 



tot-Butyl Hypochlorite 
Potassium Iodide/p-Tolid 


(1] Halstrom, 1., Brunfeldt, K., Thomsen, J., Kovdcs, K.: “Synthesis of the Protected C- 
Terminal Lys s -Heptapeptide of Eledoisin by the Merrifield Method”, Acta Chem. 
Scand. 1969, 23, 2335-2341. 

f2] Halstrom, J., Kovacs, K., Brunfeldt, K.: “Synthesis of the N-Trityl Hexapepdde 
Hydrazide Corresponding to the Sequence 152-157 of the Coat Protein of Tobacco 
Mosaic Virus. Comparison of the Homogeneous and the Solid Phase Syntheses”, Acta 
Chem. Scand. 1973, 27, 3085-3090. 


Reagent Sequence for: 


• Protected amino acids and peptides [1, 2] 


Preparation of the Reagents 

Reagent 1 Chlorination 

Spray solution 1: ferf-Butyl hypochlorite solution. 

Reagent 2 Oxidation 

Spray solution 2: Solution of potassium iodide and p-tolidine in 
glacial acetic acid/water. 


Reaction 

Reactive chloramine derivatives are produced in the first reaction step as a result of 
chlorination of the nitrogen by the /erf-butyl hypochlorite; in the presence of potassium 


3.2 Oxidations and Reductions 


iodide these derivatives oxidize p-tolidine to a deep blue semiquinonoid dye (cf. rea 
monograph “chlorine — o-tolidine - potassium iodide”). 


Method 

The dried chromatogram is evenly sprayed with the first and then with the sa 
reagent. 

Intensely colored chromatogram zones are produced on a colorless backgrour 

Note: The reagent sequence can be employed on silica gel, kieselguhr and Si 5i 
layers. 
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3 Reagent Sequences 


3.2 Oxidations and Reductions 


M-Bntyl Hypochlorite- 
Potassium Iodide/o-Toluidine 

Heitz, W., HOcker, H., Kern, W., UUner, H.: ..Darstellung und Eigenschaften von linearen 
Oligourethanen aus Diethylenglykol und Hexamethylendiisocyanat“, MakromoL Chem. 
1971, 150, 73-94. 


Reagent Sequence for: 


Method 


The chromatogram is freed from mobile phase in the drying cupboard (10 min 160° 
and placed while still hot in the chamber with te/t-butyl hypochlorite vapor for 5 m 
After removal of excess reagent (15 min stream of warm air) the chromatogram 
sprayed with reagent 2. 

This yields deeply colored chromatogram zones on a pale background. 

Note: The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 

Danger warning: o-Toluidine is suspected of possessing carcinogenic properti 
Therefore, the dipping method should be used if possible, if it is decided to use i 
method in spite of this (cf. reagent monograph “Chlorine-o-toluidine reagent”). 


• Oligourethanes 


Preparation of the Reagents 


Reagent 1 


Reagent 2 


Chlorination 

tert-Butyl hypochlorite vapor: Place 10 ml ferf-butyl hypochlorite in 
one half of a twin-trough chamber. 

Oxidation 

Spray solution: Slowly mix a solution of 1.6 g o-toluidine in 30 ml 
glacial acetic acid with a solution of 2 g potassium iodide in 500 ml 
water. 


Reaction 


First there is chlorination of nitrogen to yield reactive N-chloro derivatives, which ox¬ 
idize iodide to iodine in the next step. Finally oxidation of the o-toluidine probably 
yields colored quinonoid toluidine derivatives. 




j neugem sequences 


3.2 Oxidations and Reductions 


1 


/ H 


Formaldehyde-Potassium Iodide/ 
Starch/IHton X-100 


[1] Schwarz, D.P., Sherman, JX; “Improved N-Chlorination Procedure for 
Amides, Amines and Related Compounds on Thin-Layer C! 

Chromatogr. 19*2, 240, 206-208, 

[2J Schwartz, Dtp., McDonough, F.B.: “Practical Screening Procedure for 
phenicol in Milk at Low Parts per Billion Level”, J. Assoc. Off. Anal Chem. 
563-565. 

. .j.i fit - • • - - i . -. . 



Reagent Sequence for: 


• Amines, amino acids, amides [1, 2] 

eg. chloramphenicol, creatine adenine guanine 
histidine phenylalanine, sphingosine 


Preparation of the Reagents 


Reagent 1 


Reagent 2 


Reagent 3 


Chlorination 

Chlorine gas: Cover the base of a tightly sealable chromatographic 
trough with solid calcium hypochlorite to a depth of ca. 0.5 cm. This 
salt must be renewed weekly [1, 2). 

Reduction of excess chlorine 

Formaldehyde gas: Fill one trough of a twin-trough chamber with 
20 ml formalin solution (37%) [1, 2], 

Oxidation and complex formation 

Spray solution: Dissolve 1 g potato starch, 1 g potassium iodide and 
50 mg Triton X-100 in 100 ml water with warming [1], 


Reaction 


Primary and secondary amines and amides are first chlorinated at nitrogen by th 
chlorine released by the gradually decomposing calcium hypochlorite. Excess chlorin 
gas is then selectively reduced in the TLC layer by gaseous formaldehyde. The reactiv 
chloramines produced in the chromatogram zones then oxidize iodide to iodine, whicl 
reacts with the starch to yield an intense blue iodine-starch inclusion complex. 


Method 


The chromatogram is dried in a stream of warm air and placed in the trough chambei 
with the calcium hypochlorite (reagent 1) for 2 min followed by 30-45 s in the fret 
trough of a twin-trough chamber with the formalin solution (reagent 2). The chromato¬ 
gram is then sprayed with reagent 3. 

Intense blue-black chromatogram zones are produced on a colorless background. 

Note: This reagent sequence is a modification of the reagent “chlorine - potassium 
iodide — starch”. Mobile phases containing ammonia must be removed completely 
before treatment with the reagent sequence, since otherwise the background will be col¬ 
ored too. Some secondary amines (e.g. diphenylamine) and some amides (e.g. 2,4- 
dinitrobenzamide) and methionine sulfoxide do not give reactions even in quantities of 
up to 1 to 2 |Tg. 

The detection limits for primary and secondary amines and for the amides are 10 to 
60 ng substance per chromatogram zone [1]. The detection limits on layers with 
fluorescence indicators are about double the amount of substance [1]. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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3 Reagent Sequences 


3.2 Oxidations and Reductions 


77 


Cerium(IV) Sulfate/Sodium Arsenite/ 



Naidoo, S.: “Separation of Acetic and Propionic Add Analogs of L-Thyroxine and 
^Triiodothyronine by Thin-Layer Chromatography”, Anal. Biochem. 1978, 91, 543-547. 


Reagent Sequence for: 


Reaction 


The course of the reaction has not been elucidated. Probably redox reactions involving 
cerium(lV) and arsenic(lll) are catalyzed by iodide ions and organic iodine compounds 
with methylene blue acting as a redox indicator. 


Method 


The dried chromatogram is sprayed homogeneously first with spray solution 1 and then 
with reagent 2. Finally the chromatogram is exposed to an atmosphere of ammonia. 

Iodides and organic iodine compounds produce brilliant blue chromatogram zones 
on a yellow background. 


• Iodide ions and organic iodine compounds 
e.g. thyroxine, triiodo- and tetraiodothyronine 


Note: The detection limits for iodides and organic iodine compounds are reported to 
be 50 to 100 ng substance per chromatogram zone. 

The reagent can be employed on silica gel H layers. 


Preparation of the Reagents 


Reagent 1 


Reagent 2 
Reagent 3 


Redox reaction 

Spray solution 1 : Mix solutions 1 and 2 in a volume ratio of 2 + 3 im¬ 
mediately before use. 

Solution 1: Dissolve 10 g cerium(IV) sulfate in 100 ml sulfuric acid 

( 10 %). 

Solution 2: Dissolve 5 g sodium metaarsenite in 100 ml water. 

Redox reaction 

Spray solution 2: Dissolve 50 mg methylene blue in 100 ml water. 

Neutralization of excess acid 

Ammonia vapor: Concentrated ammonia solution in one half of a 
twin-trough chamber. 
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3 Reagent Sequences 



Phosphoric Acid-Phc 
molybdic Acid 


[1] Mikac-Devic, D., Misic, M., Stankovic, 
tion of 17-OxDgteroid Fractions by T1 
Klin. Biochem. 1970, 8, 361-363. 

12] Detter, F. t Kollmeier, W„ Klingmttller,' 
des Harm aufgrund der DUnnschicl 
Biochem. M67, J, 153-155. 


Reagent Sequence for 


• 17-Oxosteroids (17-ketosteroids) [1, 2] 

e.g. dihydroxyandrosterone, androsterone, aetiocholanolone, 
11 -oxo androsterone 


Preparation of the Reagents 


Reagent 1 pH adjustment 

Spray solution 1: Phosphoric acid (30%). 

Reagent 2 Redox reaction 

Spray solution 2: Alcoholic phosphomolybdic acid (10% in ethanol). 


Reaction 


In spite of the numerous publications the reaction mechanism is still not finally 
clarified. A large number of organic compounds can be oxidized by phosphomolybdic 
acid, with the reduction of some of the Mo VI to Mo IV , which then reacts with the re- 


3.2 Oxidations and Reductions 


maining Mo VI to yield a blue-gray mixed oxide (= molybdenum blue). The reductii 
of phosphomolybdic acid is pH-dependent. 


Method 


The dried chromatograms are first homogeneously sprayed with reagent 1 and th 
heated to 110°C for 10 min. After cooling to room temperature they are sprayed wi 
reagent 2 and then heated again to 110°C for 10 min. 

17-Oxosteroids produce blue-black chromatogram zones on colorless to pale yellc 
backgrounds. 

Note: The derivatized steroids can be extracted from the blue chromatogram zones wi 
alcohol and quantitatively determined by means of the Zimmermann reaction, whi 
is not interfered with by the presence of phosphoric acid and phosphomolybdic aci 
A yellow background can be bleached by exposure to ammonia vapor [2]. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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3 Reagent Sequences 


->.x vxiuuuuns uriu neuucnons 


Sodium Hydroxide- 
4-Aminoantipy rine - Potassium 
Hexacyanoferrate(III) 


. ■■ ; .v,.. ;*»«**. » ’’•***•. *_ : v .« *#•», » -A.s 

• , i ■ j ; s‘* ,s ','“-5 - * ” *’«•* 

Gosseld, J.A.W.: “Modified Thin-Layer Chromatographic Separation of Preservatives”, 

J. Chromatogr. 1971, 63, 433-437. 


Reagent Sequence for: 


• Antioxidants 

e.g. 4-hydroxybenzoic acid and its esters 


Reaction 


When oxidized by iron(III) ions 4-aminoantipyrine reacts with phenols to yield color 
quinonoid derivatives (cf. 4-aminoantipyrine - potassium hexacyanoferrate(I 
reagent in Volume 1 a). It is an oxidative coupling based on the Emerson reaction 


Method 


The dried chromatogram is first sprayed homogeneously with spray solution 1 and th 
heated to 80 °C for 5 min. After cooling to room temperature the TLC plate is spray 
with water and heated to 80 °C for another 5 min, after which it is homogeneou! 
lightly sprayed with reagent 2 and then with reagent 3. 

Red to reddish-brown chromatogram zones are produced on a pale background. 

Note: It is recommended that only small quantities of reagents be sprayed. 

The detection limits lie between 0.25 and 1 pg substance per chromatogram zon 
The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


Preparation of the Reagents 


Reagent 1 


Reagent 2 
Reagent 3 


Hydrolysis 

Spray solution 1 : Dissolve 10 g sodium hydroxide pellets in 100 ml 
water. 

Condensation 

Spray solution 2: Dissolve 2 g 4-aminoantipyrine in 100 ml ethanol. 

Oxidation 

Spray solution 3: Dissolve 8 g potassium hexacyanoferrate(III) in 
100 ml water. 








J Keagem sequences 





Sodium Hydroxide-Cobalt(II) 
Acetate-o-Tolidine 


Path, V.R, SevaUcar, MX, Radalikar, S.V.: "Thin-layerChromatographic 
dosulfan and Phosphamidon by Use of Cobalt Acetate and o-Tolidine” 
WO, 519. 268-270. 


Reagent Sequence for: 


• Insecticides 

e.g. endosulfan, phosphamidon 


Preparation of the Reagents 

Reagent 1 Hydrolysis 

Spray solution 1 : Dissolve 5 g sodium hydroxide pellets in 100 ml 
water. 

Reagent 2 Oxidation 

Spray solution 2: Dissolve 5 g cobalt(II) acetate in 100 ml water. 

Reagent 3 Oxidation 

Spray solution 3: Dissolve 1 g o-tolidine in 100 ml acetic acid (10%). 


Reaction 


The sulfite group present in the heterocyclic ring of endosulfan is rapidly hydrolyzed 
by alkali. In the presence of atmospheric oxygen it then oxidizes divalent cobalt to 
cobalt(III). Phosphamidon, which contains a 2-chloro-2-diethylcarbamoyl group, ox- 


j.a L/A(uuH(/fu unu ncuuunuris 


idizes divalent cobalt to trivalent, which then oxidizes o-tolidine to a blue-coli 
quinonoid derivative. 

2 Co 2+ + 4 OH" + SOr + 0 2 -> 2 CoO(OH) + SO^" + H 2 0 


Method 


Firstly, the dried chromatograms are homogeneously sprayed sequentially with s] 
solutions 1 and 2 and then, after being allowed to stand for 5 min, they are sprayed - 
reagent 3. 

Intense blue chromatogram zones are produced on a colorless background; in 
medium they remain stable for ca. 30 min and then slowly fade. 

Note: When the concentration of substance is sufficiently high endosulfan 
phosphamidon sometimes appear as yellowish-brown zones after application of 
first two reagents of the sequence. 

The reagent sequence is specific for endosulfan and phosphamidon. Other in 
ticides, e.g. organochlorine insecticides, such as endrin, aldrin, dieldrin, DDT 
BHC, organophosphorus insecticides, such as malathion, parathion, dimethc 
quinalphos, phorate and fenitrothion, or carbamate insecticides, such as baygon, 
baryl and carbofuran do not react. Neither is there interference from amino acids, ] 
tides or proteins which might be extracted from the biological material together ' 
the pesticides. 

Warning: The substances benzidine and o-dianisidine, which are classified as 
cinogenic, react in a similar manner to o-tolidine, which is also suspected of cau 
cancer. 

The detection limits are 1 pg substance per chromatogram zone (correspond^ 
10 pg/g biological material). 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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3 Reagent Sequences 



Sodium Hydroxide-Iodine/ 
Potassium Iodide/ 
Sodium Azide-Starch 


Van damme, E.J., Vocts, J.P.: “Separation and Detection of Degradation Products of 
Penicillin and Cephalosporins by Means of Thin-Layer Chromatography”, J. Chromatogr. 
1972, 71, 141-148. 


Reagent Sequence for: 


• Antibiotics with a thiazolidine ring 

e. g. penicillins, cephalosporins and their degradation products 
such as penicillin V, penicillin G, oxacillin, cloxacillin, 
ampicillin, methicillin, cephalosporin C 

• Sulfur-containing amino acids 
e.g. cysteine 


Preparation of the Reagents 


Reagent 1 Hydrolytic ring opening 

Spray solution I: Sodium hydroxide (c = 2 mol/L). 

Reagent 2 Redox reaction (iodazide reaction) 

Spray solution 2: Dissolve 1 g sodium azide in a solution of 127 mg 
iodine and 200 mg potassium iodide in 100 ml water. 

Reagent 3 Iodine starch complex formation 

Spray solution 3: Dissolve 1 g soluble starch in 100 ml water. 


3.2 Oxidations and Reductions 1 

Reaction 


Detection depends on the “iodine - azide reaction” which is normally extremely sic 
but is accelerated in the presence of divalent sulfur (cf. iodine-potassium chloride sol 
tion - sodium azide - starch reagent, Awe’s reagent). The reaction involves the co 
version of iodine to iodide, so that the iodine is no longer available for formation i 
the intense blue-colored iodine starch inclusion complex. The sodium hydroxide usi 
as reagent 1 presumably acts to open the thioether linkage or the thiazolidine ring. T1 
sulfhydryl groups accelerate the iodine-azide reaction appreciably more than the sulf 
bound to the thiazolidine ring. 


Method 


The dried chromatogram is homogeneously sprayed successively with reagents 1, 
and 3. 

Pale chromatogram zones are produced on an intense blue-colored background. 

Note: Sulfides, thiols and thioethers also react. The blue background of t 
chromatogram treated with the reagent sequence fades with time. 

The detection limits for penicillin derivatives and cephalosporins are 0.5 to 1 
substance per chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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3 Reagent Sequences 



Sodium Hydroxide- 
4-Nitrobenzaldehyde 
1,2-Dinitrobenzene 


Khazanchi, R., Handa, S.K.: “Detection 
Fluvalinate and PP 321 by Thin-Layer i 
1989, 72, 512-514. 


Reagent Sequence for: 


• Pyrethroids with a-cyano ester groups 

e.g. fenpropathrin, flucythrinate, fluvalinate, PP 321 


Preparation of the Reagents 


Reagent 1 Hydrolysis 

Spray solution 1: Dissolve 1 g sodium hydroxide in 5 ml water and 
make up to 50 ml with methanol. 

Reagent 2 Cyanhydrin formation 

Spray solution 2: Dissolve 0.3 g 4-nitrobenzaldehyde in 10 ml 
2 -methoxyethanol (methylcellosolve). 

Reagent 3 Formation of an o-quinoid di-anion 

Spray solution 3: Dissolve 0.25 g 1,2-dinitrobenzene in 10 ml 
2 -methoxyethanol. 


5.2 Oxidations and Reductions 


8 


Reaction 


Synthetic pyrethroids with a-cyano ester group react with sodium hydroxide to yieli 
hydrogen cyanide, which reacts with 4-nitrobenzaldehyde and 1,2-dinitrobenzene to yieli 
a pink-colored derivative (o-quinonoid di-anion) according to the following scheme: 



H 


Cypermethrin 
(NRDC 149) 



4-Nitrobenzaldehyde 4-Nitroben- o-Quinonoid 

cyanhydrin zoic acid dianion 


Method 


The chromatograms are dried in a stream of cold air and first sprayed homogeneousl 
with reagent 1 and allowed to stand for 3 min. Then they are sprayed with reagent 
followed immediately by reagent 3. 

Pink-colored chromatogram zones are produced on a colorless background. 

Note: Spray solutions 2 and 3 can be applied in any order or as a mixture. 

The detection limits are 100 ng substance per chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


oo 


J ncugc/u 



Tin(II) Chloride 
mmonium Thiocyi 


S., Rozylo, J.K., Janicka, M.: “Thin-Layer Chromatography Method 
of Re(VII), Mo(VI) and V(V) ions mixtures”, Jt lij. Chromatogr. 1 


Reagent Sequence for: 

• Transition metal anions 
e.g. Re^D, Mo< VI >, V™ 


Preparation of the Reagents 

Reagent 1 Reduction 

Spray solution 1: Dissolve 10 g tin(II) chloride in 100 ml 6 mol 
hydrochloric acid. 

Reagent 2 Complex formation 

Spray solution 2: Dissolve 5 g ammonium thiocyanate in 10 ml water. 


Reaction 


The initial step of the reaction with tin(II) chloride reduces the highly oxidized metal 
in the transition metal anions to low valency cations; these are capable of forming 
stable colored complexes with thiocyanate. 


iu oxidations and Reductions 

Method 


The dried chromatograms are first sprayed homogeneously with reagent 1 and the 
after a short interval, with reagent 2. 

Rhenium, molybdenum and vanadium ions yield orange, pink and yellow-colon 
chromatogram zones respectively on a colorless background. 

Note: Iron(III) cations also react and give the well known deep red iron(III) isothi, 
cyanate. 

No details of the detection limits were provided. 

The reagent can be employed on aluminium oxide, silica gel, kieselguhr, Si 5000 
RP and cellulose layers. 
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3 Reagent Sequences 


3.2 Oxidations and Reductions 


— 


Tin(IQ Chloride- 
Borate Buffer-Fluorescamine 


Haefelfinger, P.: “Determination of Nanogram 
and Nitro Compounds in Blood and Plasma”, J. 


of Primary Aromatic Amines 
1975, 111 , 323-329. 


Reagent Sequence for: 


• Nitroaromatics 
e.g. funitrazepam 


Preparation of the Reagents 


Reagent 1 


Reagent 2 


Reagent 3 


Reduction 

Spray solution 1 : Dissolve 4 g tin(II) chloride dihydrate in 100 ml 
acetic acid (5 %) and add 1 ml of a solution of 0.5 g phenolphthalein 
in 100 ml dioxane. 

pH adjustment 

Spray solution 2A : Sodium hydroxide solution (2°/o). 

Spray solution 2B: Dissolve 31 g boric acid in 100 ml 1 mol sodium 
hydroxide solution and dilute with 800 ml water. Adjust the pH of this 
solution to 8.4 and make up to 1000 ml with water. 

Condensation 

Spray solution 3: Dissolve 100 mg fluorescamine in 100 ml acetone. 


Reaction 


In the first step tin(II) chloride in acetic acid solution reduces the aromatic nitro groi 
to amino groups. The aromatic amines produced then react with fluorescamine 
weakly basic medium to yield fluorescent derivatives (cf. reagent monograph “Flu< 
escamine Reagent”, Volume la). 


Method 


The dried chromatograms are first sprayed homogeneously with reagent 1 until t 
layer begins to become transparent and then heated to 105 to 110 °C for 10 min. Afi 
cooling to room temperature they are then sprayed with reagent 2A until t 
background is pale purple (color change of the pH indicator phenolphthalein) and th 
sprayed with reagent 2B until the layer begins to appear transparent. When the la) 
is evenly wetted it is then sprayed with reagent 3 and dried in a stream of warm air (c 
70 °C). 

On examination under long-wavelength UV light (X = 365 nm) there are yellc 
fluorescent chromatogram zones on a dark background. 

Note: The detection limits for flunitrazepam and its 7-nitrodesmethyl metabolites a 
1 to 2 ng/ml plasma or 0.5 ng substance per chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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Titanium(III) Chloride- 
4-(Dimethylamino)-benzaldehyde 


Suzuki, T., Uchiyama, M.: “Pathway of Nitro Reduction of Parathion by Spinach 
Homogenate”, J. Agric. Food Chem. 1975, 23, 281-286. 


Reagent Sequence for: 


• Oxidized aromatic amines 
e.g. metabolites of parathion 


Preparation of the Reagents 

Reagent 1 Reduction 

Spray solution 1: Dissolve 0.5 g titanium(III) chloride in 100 ml 
N hydrochloric acid. 

Reagent 2 Condensation 

Spray solution 2: Dissolve 0.5 g 4-(dimethylamino)-benzaldehyde in a 
mixture of 50 ml ethanol and 50 ml glacial acetic acid. 


Reaction 


In a first step oxidized aromatic amines are reduced with titanium(III) chloride in 
glacial acetic acid solution and then condensed to a colored Schiff’s base with 
4-(dimethylamino)-benzaldehyde (cf. Chapter 2). 


3.2 Oxidations and Reductions 

Method 


The dried chromatograms are first sprayed homogeneously with reagent 1 and th 
after an interval of a few minutes, with reagent 2. 

The oxidized aromatic amines yield yellow-colored chromatogram zones on a c 
orless background. 

Note: The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 





94 


3 Reagent Sequences 


3.3 Azo Coupling 

Coupling reactions with diazonium salts to yield intensely colored azo derivatives have 
often been used for the detection of phenols, primary aromatic amines and electron- 
rich heterocyclics. 

These reactions can be opened up to all substances that can yield aniline derivatives 
in acid or basic medium. Carbamic acid derivatives, numerous variations of which are 
used as plant treatment agents, provide a striking application. As do urea herbicides 
and a variety of drug substances e.g. benzodiazepines or phenylbutazone derivatives. 

The aromatic nitro compounds make up another group of substances. These can also 
be formed directly on the TLC layer as a result of the frequently used Vitali reaction 
[24]. They are detected — as shown in Fig. 21 — by reduction and coupling to azo dyes. 

The examples reproduced below have been taken from the literature. 


3.3 Azo Coupling 



Hydrochloric Acid Vapor- 
Sodium Nitrite/Hydrochloric Acid 
Amidosulfonic Acid- 
N-(l-Naphthyl)-ethylenediamine 


A.N., De La Vigne, U.: "Identification and 
Isidrix®]”, J. Planar Chromatogr. 1989, 2, 77-7 


Reagent Sequence for: 


• Diuretics 

e.g. hydrochlorothiazide (Esidrix®) 


Preparation of the Reagents 

Reagent 1 Hydrolysis 

Hydrochloric acid vapor: This can be generated by placing 10 ml 1 
ing hydrochloric acid (37 %) in one trough of a twin-trough chan 

Reagent 2 Diazotization 

Spray solution 1 : Dissolve 4 g sodium nitrite in 40 ml water. The < 
tion is stable over a long period. 

Spray solution 2: Hydrochloric acid (10%). 

Reagent 3 Destruction of excess nitrite 

Spray solution 3 : Dissolve 500 mg ammonium amidosulfo 
(amidosulfonic acid ammonium salt) in 100 ml water. 
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3 Reagent Sequences 


Dpij iipn t 4 Coup^®8 

^ Spray solution 4: Dissolve 100 mg N-(l-naphthyl)-ethylenediamine 

dihydrochloride in 100 ml ethanol. The solution should always be 
made up fresh even though it remains stable for several days. 



Method 


The dried chromatograms are first exposed to hydrochloric acid vapor (reagent 1) for 
a few minutes and then heated to 120'“C for 5 min to remove excess hydrochloric acid. 
After cooling to room temperature the TLC/HPTLC plates are successively sprayed 
homogeneously with spray solutions 1 and 2. They are then dried briefly in a stream 


3.3 Azo Coupling 


of cold air, sprayed with reagent 3, dried once again in a stream of cold air and final 
sprayed with reagent 4 and dried in a stream of warm air. 

Red chromatogram zones are produced on a light background. 

Note: When this reagent sequence is combined with the in situ measurement of the U 
spectra of the chromatogram zones before derivatization this reagent sequence becom 
virtually specific for hydrochlorothiazide and its related derivatives in the analysis < 
urine. Hence, it is possible to use it for drug monitoring and doping control. 

The detection and determination limits are less than 0.1 and 0.2 mg hydrochlor 
thiazide per liter body fluid and thus appreciably lower than the therapeutic leve 
which are reported to be between 0.2 and 1.6 mg/1. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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Iodine-Sodium Carbonate- 
Sulfanilic Acid, Diazotized 

[1] Ritter, W„ Plempd, M., Potter, J.: „0rei Methoden zur Konzentmtionsb 
von Ootrimazol in biologischem Material“, Arzneim. Forsch. 1974, 24 ,. 

[2] Ritter, W.: “Ptwt-Chromatographic Derivatizations in Quantitative (HF)T 
2nd InU Symp. Instrum. High Perform. Thin-Layer Chromatogr. (HPTLC) 
Interlaken, 1982. 


Reagent Sequence for: 

• Imidazole antimycotics 
e.g. clotrimazole [1. 2] 


Preparation of the Reagents 

Reagent 1 Cleavage by iodine 

Spray solution 1 : Dissolve 1 g iodine in 100 ml ethanol. 

Reagent 2 pH adjnstment 

Spray solution 2: Dissolve 20 g sodium carbonate in water and make 
up to 100 ml. 

Reagent 3 Coupling with Pauly’s reagent 

Solution A: Dissolve 0.3 g sulfanilic acid in 100 ml 10% hydrochloric 

acid. 

Solution B: Dissolve 10 g sodium nitrite in water and make up to 
100 ml. 

Spray solution 3: Mix 8 parts by volume solution A with 2 parts by 
volume solution B immediately before use; this mixture can be used 
for about 1 h. 


i.i Azo coupling 


Reaction 

The mechanism of the reaction has not been elucidated. Presumably iodine elimina 
the imidazole ring from N-substituted imidazole derivatives such as clotrimazole, a 
this then couples with diazotized sulfanilic acid to yield an azo dye. 



Clotrimazole (Bay b 5097) 


Method 


The dried chromatograms are sprayed homogeneously with reagent 1, then heated 
to 100 °C in a vacuum drying cupboard, first at atmospheric pressure for 15-20 n 
and then under vacuum for a further 5-10 min (removal of excess iodine). After co 
ing to room temperature the chromatograms are sprayed with reagent solution 2 a 
then dried at 100 °C (atmospheric pressure). The chromatograms are finally spra; 
with reagent solution 3 and dried at 100°C [1, 2]. 

Red to violet chromatogram zones, that can be recorded photometrically 
X = 530 nm, are produced on a colorless background. 

Note: The reaction is very specific for N-substituted imidazole derivatives. In serum 
vestigations the detection limit was 50 ng clotrimazole per milliliter serum. The reagi 
can be employed on silica gel, kieselguhr and Si 50000 layers. 
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Reagent Sequence for: 

• Aromatic substances 
e.g. antidepressives 

such as amitriptyline, nortriptyline 


Preparation of the Reagents 

Reagent 1 Nitration 

Spray solution 1: Mix equal volumes of nitric acid (65%) and 
methanol while cooling with ice. The reagent solution may be kept for 
several weeks. 

Reagent 2 Reduction 

Spray solution 2: Dissolve 4 g sodium dithionite (Na 2 S 2 0 4 ) in 100 ml 
0.5 mol phosphate buffer solution (pH 6.5). This solution is only 
stable for about 1 h, so it should always be made up fresh. 

Diazotization 

Spray solution 3: Dissolve 400 mg sodium nitrite in 20 ml 1 mol 
hydrochloric acid solution. The solution should always be made up 
fresh. 


Reagent 3 


3.3 Azo Coupling 


Reagent 4 Conpling 

Spray solution 4: Dissolve 1 g N-(l-naphthyl)-ethylenediam 
dihydrochloride in 100 ml methanol. This solution should be made 
fresh, even though it is reported to be stable for several days. 


Reaction 


The first step of the reaction involves nitration of the aromatic skeleton of the substai 
to be detected. Then the aromatic nitro derivatives so produced are reduced w 
sodium dithionite, in acid medium, to the corresponding amines; these are tl 
diazotized and coupled with N-(l-naphthyl)-ethylenediamine to yield an azo < 
(cf. Fig. 21). 


Method 


The dried chromatograms are first sprayed homogeneously with reagent 1 until 
layer begins to become transparent and are then heated to 125-130 °C for 15 min. A1 
cooling to room temperature the TLC/HPTLC plates are homogeneously sprayed w 
reagent solution 2 and heated to 80-85 °C for 8 min. After cooling to room temperat 
the plates are sprayed homogeneously with reagent 3 and then thoroughly dried ( 
10 min) in a stream of cold air. Finally the chromatograms are sprayed with reager 
and then dried in a stream of warm air for 1 min. 

Reddish chromatogram zones are formed on a light background. 

Note: Derivatization with this reagent sequence in combination with extraction a 
TLC separation is specific for amitriptyline and nortriptyline in the analysis of plasn 
furthermore its high sensitivity allows its employment in pharmacokinetic studies, e 
after the oral administration of a single dose of 25 mg amitriptyline. 

The plate should be heated as rapidly and as evenly as possible after the first sprayi 
step; this is best done on a thick preheated aluminium plate in a drying cupboard equ 
ped with ventilation allowing the nitric acid vapors to be removed using a water put 
vacuum. Sodium dithionite is better than titanium(III) chloride or tin(II) chloride 
the reduction of the nitro derivatives of amitrityline and nortriptyline. 
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3 Reagent Sequences 


3.3 Azo Coupling 


1 


The amino derivatives of amitriptyline and nortriptyline produced at the second 
heating stage exhibit intense pale yellow fluorescence on examination in long-wave¬ 
length UV light (X= 365 nm), but this is not sufficiently reproducible for quantitative 
in situ work. 

The detection limits for amitriptyline and nortriptyline are ca. 500 pg substance per 
chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


Nitric Acid/Sulfuric Acid- 
TitaniumOID Chloride-Sodium 
Nitrite-N-(l-Naphthyl)- 
ethylenediamine 

[1] Haefelfinget; P.: “Determination of Nanogram Amounts of Aromatic Compounds by 
Spectrophotometry on Thin-Layer Chromatograms", J. Chromatogr. 1976, 124, 

V’-.‘ 

[21 Albet, C., Sanchez, M.G., Colomd, J.: “Determination of a new mucolytic drug 
Adamexina in biological liquids by photodensitometry”, J. Chromatogr. 1980, 181, 
504-511. 


Reagent Sequence for: 


• Aromatic substances 
e.g. antitussives [1] 

such as chlorpheniramine, codeine 
e.g. mucolytics [2] 

such as adamexine, bromexine 


Preparation of the Reagents 


Reagent 1 Nitration 

Spray solution 1: Cautiously and with cooling mix 30 ml nitric i 
(65 °Io) with 10 ml sulfuric acid and add the mixture with cooling ; 
mixing to 40 ml methanol. The reagent solution may be kept 
several weeks. 
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3 Reagent Sequences 


i 


3.3 Azo Coupling 


105 


Reagent 2 


Reagent 3 


Reagent 4 


Reduction 

Spray solution 2: Dilute 4 ml of a solution of 15 g titanium(III) 
chloride in 100 ml hydrochloric acid (4%) to 20 ml with methanol. 
This solution is only stable for about 1 h and should, therefore, always 
be made up fresh. 

Diazotization 

Spray solution 3: Dissolve 400 mg sodium nitrite in 20 ml 1 mol 
hydrochloric acid. This solution should always be made up fresh. 

Coupling 

Spray solution 4: Dissolve 1 g N-(l-naphthyl)-ethylenediamine di- 
hydrochloride in 100 ml methanol. The solution should always be 
made up fresh even though it remains stable for several days. 


its high sensitivity also makes it suitable for pharmacokinetic studies after the oral ad¬ 
ministration of a single therapeutic dose. If excited with long-wavelength UV light 
(X exc = 365 nm) after the first reaction step codeine produces a fluorescent emission 
(Xfi > 578 nm) which can be used for quantitative measurement. 

The plate should be heated as rapidly and homogeneously as possible after the first 
spraying step; this is best done on a thick preheated aluminium plate in a drying cup¬ 
board equipped with ventilation allowing the nitric acid vapors to be removed using a 
water pump vacuum [1]. 

The detection limits are 1 to 2 ng/ml plasma for chlorpheniramine [1] and 50 and 
250 ng per chromatogram zone for adamexine and bromexine respectively [2], 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


Reaction 


The aromatic skeleton is nitrated in the first reaction step. Then titanium(III) chloride 
in acid medium is used to reduce the aromatic nitro compounds so produced to the cor¬ 
responding amines, which in turn are diazotized and coupled to N-(l-naphthyl)- 
ethylenediamine to yield an azo dye (cf. Fig. 21). 


Method 


The dried chromatograms are first sprayed homogeneously with reagent 1 until they 
start to become transparent and then heated to 110-115 °C for 10-15 min. After cooling 
to room temperature the TLC/HPTLC plates are sprayed with reagent 2 and heated to 
110-115 °C for 5 to 30 min. The layers are cooled to room temperature, sprayed with 
reagent 3 and then dried in a stream of cold air for 10 min. Finally the chromatograms 
are treated with reagent 4 and dried in a stream of warm air (ca. 50-60 °C) for 1 min. 

Chlorpheniramine produces purple zones and codeine bluish-gray zones on a light 
background [1], Adamexine and bromexine produce pinkish-violet zones, that are 
stable for ca 24 h in the dark, on a yellowish-white background [2], 

Note: Derivatization with this sequence of reagents in combination with extraction and 
TLC separation is virtually specific for chlorpheniramine in the analysis of plasma [1]; 
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3 Reagent Sequences 



Nitrous Fumes-N-Cl-Naplrtfayl} 
ethylenediamine 


iraf, M., Granley, K_, Mishra, It, Rao, MM., Gordon, R: “Screening 
n of Drugs in Horse Urine by Using a Simple Column Extraction Pro- 
\matogr. 1989, 473, 215-226. 

ache, W., Wrabetz, K., Rmss, R.: „Zur Bestimmung von freien, 
uylendiisocyanaten und Henamethyiendiisocyanat in Polyurethan 
hstoffen“, Fresenius Z. Anal. Chem. 1971, 257, 119-125. 


Reagent Sequence for: 

• Aromatic amines 
e.g. clenbuterol [1] 

N-methyl-N-(4-aminobenzyl)-amino derivatives of isocyanates [2] 


Preparation of the Reagents 

Reagent 1 Diazotization 

Nitrous fumes-. Nitrous fumes can be generated in one trough of a 
twin-trough chamber by mixing a solution of 1 g sodium nitrite in 
5 ml water with 5 ml fuming hydrochloric acid. 

Reagent 2 Coupling 

Spray solution: Dissolve 10 mg N-(l-naphthyl)-ethylenediamine di¬ 
hydrochloride in 100 ml ethanol [1]. Alternatively it is possible to use 
1 g N-(l-naphthyl)-ethylenediamine dihydrochloride in 100 ml di- 
methylformamide — hydrochloric acid (c = lmol/L) (1 + 1) [2]. 


3.3 Azo Coupling 


1 < 


Reaction 


The aromatic amino group is diazotized in the first reaction step. The diazonium cor 
pound so formed is then coupled with N-(l-naphthyl)-ethylenediamine to yield an a; 
dye. 


Method 


The dried chromatograms are first treated with nitrous fumes for about 5 min. The e 
cess nitrous fumes are then removed in a stream of cold air (ca. 5 min) and tl 
TLC/HPTLC plates are sprayed homogeneously with reagent 2. 

Clenbuterol, for example, yields pink-colored chromatogram zones on a lig 
background. 

Note: This reagent is a modification of the Bratton-Marshall reagent, Isocyanat 
can be made accessible to this modification of the Bratton-Marshall reagent by rea 
ting prechromatographically with N-methyl-N-(4-aminophenyl)-amine to give the cc 
responding urea derivatives with primary aromatic amino groups: 

0=C=N—N=C=0 + 2H 2 N-^>-N^ -► 

CH3 

1,4-Diisocyanato- N-Methyl-N- 

cyclohexane (4-aminophenyl)-amine 

° O _ 

ch 3 h h ch 3 

Urea derivative with 
primary amine groups 

This combination of the modified Bratton-Marshall reaction with prechromati 
graphic derivatization with N-methyl-N-(4-aminophenyl)-amine allows specific dete 
tion of isocyanates, that is especially applicable to aliphatic isocyanates. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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Tin(II) Chloride-Sodium Nitrite 
1-Naphthol 


[1] Pugge, H.: Dissertation, Universitat des Saarlandes, Saarbrttcken, in preparation. 

[21 Pugge, H„ Jork, H.: Private communication, Universitat des Saarlandes, Saar- 
brdcken, 1992. 


Reagent Sequence for: 


• Aromatic nitro compounds [1] 
e.g. herbicides 

such as trifluralin, pendimethalin 
e.g. fungicides 

such as dinocap 


Preparation of the Reagents 

Reagent 1 Reduction 

Dipping solution I: Dissolve 2 g tin(II) chloride dihydrate in 20 ml 
hydrochloric acid (25%) and dilute with 30 ml methanol. The reagent 
should always be made up fresh. 

Reagent 2 Diazotization 

Nitrous fumes: Mix a solution of 1 g sodium nitrite in 5 ml water with 
5 ml fuming hydrochloric acid in one trough of a twin-trough chamber 
to generate nitrous fumes. The reagent should always be made up 
fresh. 

Reagent 3 Conpling 

Dipping solution 2: Dissolve 1 g 1-naphthol in 100 ml ethanol. The 
solution may be stored in the refrigerator for several weeks. 


3.3 Azo Coupling 


109 


Reaction 


Aromatic nitro compounds are reduced to the corresponding amines by tin(II) chloride 
m acidic medium. These are then diazotized via the gas phase with nitrous fumes and 
finally coupled with 1-naphthol to yield an azo dye. 


Method 


The chromatograms are dried in a stream of cold air and then dipped in reagent 1 for 
2 s, dried in a stream of cold air for 10 min and then cooled to -20°C for 15 min. The 
cold chromatogram is then placed in the free trough of a twin-trough chamber contain¬ 
ing reagent 2 for 10 min for the purpose of diazotization via the gas phase. After 
removal of excess nitrous fumes by exposure to a stream of cold air for 5 min the 

chromatograms are dipped in reagent 3 for 2 s and dried in a stream of cold air for 
5 mm. 

Chromatogram zones of various colors are produced on a colorless background. 

Note: The treated chromatogram should not be exposed to UV light or heat, neither 
should it be covered with a glass plate, since this causes it to turn dark brown in a short 
period of time. Nitrous fumes are corrosive so the diazotization and azo coupling 
should be carried out in the fume cupboard (rubber gloves). 

The selectivity of the detection reaction can be increased by exposing the 
chromatogram to ammonia vapor after it has been treated with reagents 1 to 3; this 
can be done by placing 10 ml ammonia solution (25%) in the free trough of a twin- 
trough chamber. The result in general is that all chromatogram zones acquire a red to 
yellow-brown color, with the detection sensitivity of some substances being increased 
while it can be reduced for others. 

The color shades of the chromatogram zones and above all the pale background pro¬ 
ved by this technique are stabilized by dipping the chromatogram in a solution of 

iqui paraffin - n-hexane (1 +2) for 2 s. The color shades produced on silica gel and 
KP layers are not identical. 

The detection limits for 2,6-dinitroaniline herbicides are between 20 and 200 ng 
substance per chromatogram zone (Table 1). Similar results are also obtained with 
mettiyi and ethyl parathion (pink-colored zones). 

The reagent can be employed on silica gel, kieselguhr, Si 50000 and RP layers. 
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3 Reagent Sequences 


j.j /\zo coupling 


11 


Table 1: Absorption maxima and detection limits for some 2,6-dinitroaniline herbicides on silica 
gel layers after treatment with the reagent sequence and after additional exposure to ammonia 
vapor. 



Without ammonia vapor 

With ammonia vapor 

Substance 

\nax 

Detection limits 

^~max 

Detection limits 


[nm] 

[ng] 

[nm] 

[ng] 

Oryzalin 

455 

20 

485 

20 

Nitralin 

444 

20 

481 

20 

Dinitramin 

440 

200 

452 

100 

Pendimethalin 

583 

5 

496 

20 

Butralin 

572 

5 

504 

20 

Fluchloralin 

498 

20 

498 

20 

Isopropalin 

437 

20 

441 

20 

Trifluralin 

448 

40 

436 

50 


Procedure Tested 

2,6-I)initroaniline Herbicides [2] 

Method Ascending, one-dimensional double development in a twin- 

trough chamber without chamber saturation and with 10 min 
drying (cold air stream) after the first run. 

Layer HPTLC plates Silica gel 60 (Merck), that were prewashed by im¬ 

mersing them in 2-propanol overnight and then drying at 110°C 
for 60 min. Immediately before the first development the HPTLC 
plates were conditioned for 20 min at 30 Vo relative humidity, e. g. 
over sulfuric acid (50Vo, g/g). 

Mobile phase 1. n-flexane — toluene (17+10) 

2. Toluene — methanol (85 + 15) 

Migration distance 1. 8.5 cm 
2. 1.5 cm 

Running time 1. 35 min 

2. 3 min 

Detection and result: The chromatogram was dried for 10 min in a stream of cold air 

and dipped in reagent 1 for 2 s and dried for 10 min in a stream of cold air. The yellow 


2,6-dinitroaniline compounds were converted to colorless derivatives by this process 
The chromatogram was then cooled to -20°C for 15 min and exposed - still cold - 
to nitrous fumes for 10 min for diazotization; these fumes were generated in the empt 
trough of a twin-trough chamber by mixing 5 ml aqueous sodium nitrite solutioi 
(20 Vo) with 3 to 5 ml fuming hydrochloric acid. Excess nitrous fumes were removed b 
exposing the layer for 5 min to a stream of cold air and the chromatogram was dippe 
in reagent 3 for 2 s and dried in a stream of cold air for 5 min. 

The chromatogram zones produced were brown for oryzalin (migration distanc 
4-6 mm) and nitralin (10-15 mm), yellowish-brown for dinitramin (18-22 mm) an 
isopropalm (58-62 mm), blue for pendimethalin (38-42 mm), violet for butrali 
(43-48 mm), red for fluchloralin (50-55 mm) and orange for trifluralin (65-70 mm) 
the background was colorless (Fig 1A). 

These chromatograms acquired a dark brown coloration within seconds if they wei 
heated or exposed to UV light; the same effect was observed on covering the chromate 
gram with a glass plate! 

The chromatogram was then placed in a twin-trough chamber with ca. 10 ml an 
monia solution (25 Vo) to increase the sensitivity. Afterwards the chromatogram zone 
were red in the case of oryzalin, nitralin, dinitramin, pendimethalin, butralin an 
fluchloralin and yellowish-brown in the case of isopropalin and trifluralin (Fig. IB 
The detection sensitivity was sometimes increased and sometimes decreased (Table 1 

The colors obtained in this manner, and above all the pale background, wei 
stabilized by dipping the chromatogram finally in a solution of liquid paraffin - r 
hexane (1+2). 

The detection limits are 20-200 ng substance per chromatogram zone (cf. Table 1 

In situ quantitation: The adsorption photometric evaluation in reflectance, before e: 
posure of the chromatograms to ammonia, was carried out at X = 460 nm (Fig. II4 
and X = 580 nm (Fig. IIB), that after ammonia treatment at X = 490 nm (Fig. IIC), 
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123 4M567 8 123 4M5678 

A B 

Fig I: Chromatogram of 2,6-dinitroaniline herbicides after treatment with the reagent sequence 
(A) and after additional treatment with ammonia vapor (B): 1 = oryzalin, 2 = nitralin, 
3 = dinitramin, 4 = pendimethalin, 5 = butralin, 6 = fluchloralin, 7 = isopropalin, 8 = trifluralm, 
M = mixture 


1 



A B C 


Fig. II: Reflectance scans of a chromatogram track with 200 ng g each of oryzalin (1), nitralin (2), 
pendimethalin (4), butralin (5), fluchloralin (6), isopropalin (7), trifluralin (8) and of 1000 ng 
dinitramin (3), per chromatogram zone; measurement at X = 460 nm (A), 580 nm (B) and 490 nm 
(C); x = dipping fronts. 


3.3 Azo Coupling 
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Titanium(III) Chloric 
Bratton Marshall 


[11 Pitzei, H.: Thesis, Fachhochschule Gieflen, Fachbereich 
dhdtswesen, 1990. 

[2] SchOtz, H.: ,,MflgHchtaaten to Reaktionschromatographie darj 
reaktionschromatographischen Nachweises von Nitrazepam (h 
Hauptmetabollten “, J Chrvmatogr. 1974, 94, 159-167. 

[3] Sperlich, H.: ..Nachweis und Unterscheidung von B 605; Met 
thion“, Disc*. Apoth. Ztg. I960, WO, 774-777. 


Reagent Sequence for: 


• 4-Nitrophenyl esters 

e. g. thiophosphoric acid insecticides [1] 

• Benzodiazepines [2] 


Preparation of the Reagents 


Reagent 1 Reduction 

Dipping solution 1 : Make 10 ml titaniuro(III) chloride solutio 
(c = 15% in 10% hydrochloric acid) up to 50 ml with acetone [1]. 

Reagent 2 Diazotization 

Dipping solution 2: Dissolve 0.5 g sodium nitrite in 10 ml water an 
make up to 50 ml with a mixture of 8.5 ml hydrochloric acid (32 ^ 
and 41.5 ml ethanol [1]. 

Reagent 3 Coupling 

Dipping solution 3: Dissolve 0.5 g N-(l-naphthyl)-ethylenediamir 
dihydrochloride in 5 ml water and make up to 50 ml with ethanol [1 
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3.3 Azo Coupling 
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Reaction 


Titanium(III) chloride (particularly in slightly alkaline medium) reduces the p-nitro 
groups of the thiophosphate insecticides to amino groups, which are then reacted with 
nitrite in acid medium in a second step to yield a diazonium compound as intermediate. 
This is then coupled to N-(l-naphthyl)-ethylenediamine dihydrochloride to yield an azo 
dye [3]. In the case of benzodiazepines the first reaction step includes an additional acid 
hydrolysis to the corresponding benzophenone derivative [2]. 



(1) 

Nitrazepam 


H*. TiClj 



(2) rv (3) ,, 

Aromat. amine Diazonium compound 


(3) + 2 



nh-ch 2 -ch 2 -nh 2 


N-(l-Naphthyl-)-ethylenediamine 


tion 2 for 3 s or homogeneously sprayed with it and finally, after drying in a stream 
of warm air, they are dipped in reagent solution 3 for 3 s or homogeneously sprayed 
with it. 

Thiophosphoric acid insecticides and benzodiazepines yield reddish to bluish-violet- 
colored chromatogram zones on a colorless background. 

Note: The reagent sequence can also be deployed in two stages with an intermediate 
chromatographic development using the SRS technique (separation - reaction - 
separation) [2], When carrying out the acidic, reducing hydrolysis of benzodiazepines 
it is recommended that, after treatment with titanium(III) chloride in hydrochloric acid, 
the TLC plate be covered with a glass plate and heated to 100°C for ca. 10 min; after¬ 
wards the amines that have been formed can be released for subsequent separation by 
exposing the plate to ammonia vapor [2]. 

The diazotization reaction can also be initiated via the vapor phase, e. g. with ethyl 
nitrite that can be generated in one trough of a twin-trough chamber by adding a few 
drops of cone, hydrochloric acid to a mixture of ethanol and saturated aqueous sodium 
nitrite solution (1 +1) [3]; the less volatile amyl nitrite can be used as an alternative [3]. 

The detection limits for thiophosphoric acid insecticides are 100 ng and for ben¬ 
zodiazepines 20 ng substance per chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr, Si 50000, RP and cellolose 
layers. 


Procedure Tested 


H 2 N-CH 2 -CH 2 -NH -f"V-N=N 



// ^N=N-f V NH “CH 2 -CH 2 -NH 2 
C=Q /) 


6 

(5) 

Azo dye 


Method 


After the chromatograms have been freed from mobile phase in a stream of warm air 
for 3 min they are immersed in dipping solution 1 for 3 s or homogeneously sprayed 
with it and then dried in a stream of warm air. Then they are dipped in reagent solu- 


Organophosphorus Insecticides [1] 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough chamber 
without chamber saturation. 

HPTLC plates Silica gel 60 F 254 extra thin layer (Merck). 

n-Hexane - diethyl ether - ethanol - ethyl acetate - formic 
acid (909+ 40+ 26 + 25 + 1) 

8 cm 

28 min 


Detection and result: The developed chromatogram was dried for 3 min in a stream of 
warm air and first immersed for 3 s in dipping solution 1 and dried in a stream of warm 
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air. It was then immersed in dipping solution 2 for 3 s and finally treated with dipping 

Azinphos methyl (h/? f : 15-20), azinphos ethyl (h/? f 20-25, parathion methyl (W? f : 
40-45), fenitrothion (W? f : 45-50), parathion ethyl (W? f : 60-65) and phoxim (h R { : 
60-65) appear as red-colored chromatogram zones on a colorless background. 

The detection limits are 80-100 ng substance per chromatogram zone. 

In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the wavelength X = 550 nm (Fig. I). 



Fie. I: Reflectance scan of a chromatogram track with 300 ng substance per chromatogram zone. 
1 = azinphos methyl, 2 = azinphos ethyl, 3 = parathion methyl, 4 = fenitrothion, 5 - parathion 
ethyl + phoxim. 


3.3 Azo Coupling 


11 ' 



Reagent Sequence for: 

• Aromatic nitro compounds 

e.g. dinitrophenyl derivatives of primary and secondary amines 


Preparation of the Reagents 

Reagent 1 Reduction 

Spray solution: Dilute 1 ml titanium(III) chloride solution (c = ca. 
15% in hydrochloric acid (10°7o)) to 10 ml with hydrochloric acid 
(20%) or sulfuric acid (20%) and mix with 10 ml pyridine and 5 ml 
glacial acetic acid. 

Reagent 2 Diazotization 

Nitrous fumes: These can be generated in one trough of a twin-trough 
chamber by mixing a solution of 1 g sodium nitrite in 5 ml water with 
5 ml fuming hydrochloric acid. 

Coupling 

Spray solution: Dissolve 0.5 g N-(l-naphthyl)-ethylenediamine di- 
hydrochloride in 100 ml water, containing 2 drops cone, hydrochloric 
acid. 


Reagent 3 
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3.4 Metal Complexes 


1 


Reaction 


3.4 Metal Complexes 


The dinitrophenyl derivatives are reduced by titamum(III) chloride in acidic medium 
in the first step of the reaction to the corresponding aromatic amines; these are then 
diazotized and coupled with N-(l-naphthyl)-ethylenediamine to yield an azo dye (cf. 
Fig. 21). 


Method 


The cations of some transition metals are electron acceptors that are capable of coi 
plexing with colorless organic compounds having electron donor properties. Color 
complexes are formed as a result of changes occurring in the electron orbitals of t 
central metal atom [4]. The most important of these chelate formers are Cu 2+ , Fe 
and Co 2+ ions, which have a great affinity for compounds containing oxygen 
nitrogen. 

The frequently used biuret reaction of proteins results in the formation of the folio 
ing reddish-violet complex in alkaline medium [4, 25, 26]: 


The dried chromatograms are first sprayed homogeneously with reagent 1, then dried 
for 2 to 3 min in the air and for ca. 10 min at 60 °C in a drying cupboard until the 
pyridine has completely evaporated. Afterwards they are briefly sprayed with a little 
hydrochloric acid (25%) and exposed to nitrous fumes (reagent 2) for several minutes. 
Finally after removal of the excess nitrous fumes in a stream of cold air the 
chromatograms are sprayed with reagent 3. 

Blue-violet chromatogram zones are produced immediately on a pale background. 

Note: This reagent sequence can be employed to great advantage after the prechromato- 
graphic derivatization of primary and secondary amines with 2,4-dinitrofluoro- 
benzene; this makes for virtually specific detection of aliphatic amines. 

The detection limits for the aliphatic amines methyl, ethyl and isopropylamine are 
a few nanograms substance per chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


O. R 

W 


VN N-f 

■<■ \/ y 


\/ 

Cu 

/\ 

N N—( 

R 

R O 


2 Na + 


Aromatic ethanolamine derivatives, e. g. ephedrine, also yield blue-colored chelal 
with Cu 2+ ions (Chen-Kao reaction [4, 27]). 

Mono- and polyhydric phenols and enols frequently form characteristically color 
complexes with Fe 3+ ions [4, 28, 29]. Here monohydric phenols usually produ 
reddish-violet colors, while pyrocatechol derivatives yield green chelates [4]. Detectii 
of acetone using Legal’s test is based on the formation of an iron complex [4]. T 
same applies to the thioglycolic acid reaction of the German Pharmacopoeia (DAB 
[4, 30], 

The Zwikker reaction involving Co 2+ salts is frequently used for the detection 
barbituric acid derivatives [31-35], but some purine, pyridine and piperidine derivativ 
and heterocyclic sulfonamides also yield colored derivatives. The Zwikker reaction 
particularly sensitive when it is possible to form a tetrahedral complex [Co(Barb) ; 
X 2 ] (X = donor ligand, e.g. amine) [4]. 
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3.4 Metal Complexes 


12 



HydroxyIamine-Iron(Ill) Chloride 


Schwarzmaier, U: ..Hydraxylamin/EisenfniKWori^ ein stereospez 
fBr Man<Jd»#iiiemtril*lyco««te“, I Chrxrmatogr. 1975, HI, 430-433. 


Reagent Sequence for: 

• Mandelonitrile glycosides (cyanoglycosides) 
e.g. amygdalin, prunasin, taxiphyllin, vicianin 


H 2 N-OH 

+ *7 x\ 
R-C=N 


H 

Cm- oh 

R-c \ 

Onh 


N-OH 

// FeCl 3 


Amide oxime 


C—NH 2 O-N 

// \ / w 

N x >e - C ~ R 

o<* \-NH 2 

h 2 n' o 
\ / 

r' C=N 


ch 2 oh 

Amygdalin: R = HO—r-Y-Q 

HO-^-"V^ / \ 

OH CH 2 

HO—^\^0 

ho^y^o h 
OH V- 


Preparation of the Reagents 


Reagent 1 Nncleophilic substitution 

Spray solution 1: Add 9.5 g finely ground anhydrous potassium car¬ 
bonate portionwise to an ice-cooled solution of 14 g hydroxylamine 
hydrochloride in 20 ml water. When the evolution of C0 2 gas has 
stopped add 80 ml ethanol. Stir for a further 30 min at 0°C and filter. 
The spray solution 1 that is produced has a pH of 5.0 to 5.5 and may 
be stored in the refrigerator for ca. 10 days. 

Reagent 2 Complex formation 

Spray solution 2: Dissolve 1.5 g iron(III) chloride in 100 ml methanol. 


Reaction 

Firstly there is nucleophilic attack of the nitrile carbon atom by hydroxylamine. An 
amide oxime is produced; this then forms an intensely colored complex with the 
iron(III) chloride. 


Method 


The dried chromatograms are first sprayed homogeneously with reagent 1 and ther 
allowed to stand at room temperature for 15 min. They are then sprayed homogeneous 
ly with reagent 2. 

Mandelonitrile glycosides with D-configuration (e.g. prunasin, taxiphyllin, p-O 
methyltaxiphyllin, amygdalin vicianin) immediately yield reddish-brown chromatogran: 
zones on a colorless background. L-isomers (e.g. sambunigrin, dhurrin, p-O-methyl 
dhurrin, neoamygdalin) gradually yield chromatogram zones that are pale brown in¬ 
itially. 

Note: The colors of the chromatogram zones produced by the mandelonitrile glycosides 
change with time: Those of the D-isomers turn steel blue within an hour, while the L 
isomers turn reddish-brown during this time. It is possible to distinguish between D- 
and L-forms on the basis of these typical color differences and color changes. Both 
isomeric forms have a dark brown color after about 24 hours. 

The detection limits for mandelonitrile glycosides are 3 to 5 pg substance pei 
chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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3.5 Halochromism and Charge-Transfer Complexes 

Numerous colorless organic compounds with extended jt-electron systems can be con¬ 
verted to colored cations or anions with polymethyne chromophors by protonation or 
deprotonation. The intense coloration of the corresponding “salts” is usually at¬ 
tributable to the fact that the lone pairs of electrons of the heteroatoms participate in 
the mesomerism of the conjugated jt-electron systems [4]. 

The well-known BorntrAger reaction for the detection of 1,8-dihydroxyanthraqui- 
nones is a characteristic example of such halochromism [36-38]: 



O 


The reaction between 4-nitrophenacyl esters and DMSO/diethylamine, described by 
Kallmayer et al., is also a halochromic reaction [39]. 

Charge transfer complexes (CT complexes) primarily occur in planar organic 
molecules with conjugated ic-electron systems [4]. Examples include: 



CT complex: CT complex: 

ten .-Amine + Tetracyano- Xanthydrol + DDT 

qui nodimethane 


NO + HS0 4 " 


CT complex: 
Phenobarbital + Sodium 
nitrite/H 2 S0 4 







3.6 Reagent Sequences with Complex Reaction Patterns 


12 : 



CT complex 

CT complex 4-(Dimethylamino)-4'-(diethylamino)-diphenylmethane 

Procaine + 1,3,5-Trinitrobenzene (ARNOLD'S reagent) + 1,3-Dinitrobenzene 

3.6 Reagent Sequences with Complex Reaction 
Patterns 

In addition to the reagent sequences with clearly detectable reaction mechanism, whicl 
have already been described, many sequences of reagents not covered by any of th< 
reaction types described have also found application in thin-layer chromatography. Th< 
reaction sequences that remain to be described were all designed to provide as specifit 
a detection of the separated substances as possible. 
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deal afSwsoadary An^ (a TOn-Lajer Pteies UWn* a Ftaorogenk Reaction wkli 
Fluoreicamltw” l Chromatogr. 1 9M, 200, 324-329. 


Reagent Sequence for 


• Secondary amines 

e.g. benzimidazole, sarcosine, morpholine 


Preparation of the Reagents 


Reagent 1 Spray solution 1: 0.05 mol sodium borate buffer (pH 10.5). 

Reagent 2 Spray solution 2: Dissolve 20 mg fluorescamine in 100 ml acetone. 

Reagent 3 Spray solution 3: 0.2 mol taurine in 0.2 mol sodium phosphate buffer 
(pH 7.5). 


Reaction 


Fluorescamine reacts directly with primary amines to yield fluorescent derivatives of 
the general formula I. On the other hand, secondary amines react in weakly basic 
medium to yield nonfluorescent derivatives of type II; after the hydrolysis of excess 
fluorescamine, these are converted to fluorescent products of type I by reaction with 
a primary amine, e.g. taurine. 


3.6 Reagent Sequences with Complex Reaction Patterns L 



Fluorescamine 


Method 


The dried chromatograms are first sprayed homogeneously with reagent 1 and tl 
heated to 110 °C for 15 min. After cooling to room temperature the layer is sprayed w 
reagent 2 and then left in the dark at room temperature for 10 min. Finally 1 
chromatogram is sprayed with reagent 3 and heated to 60 °C for 5 min. 

Observation under UV light (X. = 254 or 365 nm) reveals intense fluoresc 
chromatogram zones on a dark background. 

Note: Primary amines yield fluorescent chromatogram zones even before the appli 
tion of reagent 3. Secondary amines do not yield fluorescent derivatives until they h 
been treated with reagent 3. Hence, the reagent sequence allows the stepwise detect 
of primary and secondary amines. Taurine is preferred as the essential component 
reagent 3 over the multiplicity of other possibilities because it produces inte 
fluorescence; it is also not very volatile and is readily available. Amides and substan 
with peptide linkages, e.g. hippuric acid, are not detected, neither are secondary ami 
that are volatile at high temperatures. 

All traces of mobile phase (and of ammonia in particular) must be removed fr 
the layer, e.g. by heating the chromatogram (10 min 110°C). The first reagent tri 
ment, including the heat treatment, should be carried out twice if a mobile phase c 
taining acetic acid is used for development. 

The detection limits for secondary amines lie between 2 ng (morpholine) and 50C 
(benzimidazole) substance per chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 




Preparation of the Reagents 


Reagent 1 Spray solution 1: Dissolve 2 g l-chloro-2,4-dinitrobenzene in 100 ml 
ethanol. 

Reagent 2 Spray solution 2: Dissolve 12 g sodium hydroxide pellets in 100 ml 
methanol. 

Reagent 3 Ammonia vapor: Concentrated ammonia solution in the free trough 
of a twin-trough chamber. 


Reaction 

Nicotinic acid and related compounds react with l-chloro-2,4-dinitrobenzene in the 
manner of the cyanogen bromide reaction to yield derivative I, which possibly also 
decarboxylates at elevated temperature. In alkaline medium this derivative first adds an 
hydroxyl ion and then undergoes ring opening to yield the colored derivative II. 


126 3 Reagent Sequences 



Reagent Sequence for 


Note: The colors of the chromatogram zones fade relatively quickly. A temperature 
180°C should not be exceeded in the first heating step, otherwise the sensitivity 
detection will be reduced. 

The detection limits for nicotinic acid and nicotinamide are 200 ng substance ] 
chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


3.6 Reagent Sequences with Complex Reaction Patterns 1 

COOH 

+ — 

Method 

The chromatograms are dried in a stream of warm air, then sprayed homogeneou 
with reagent 1 and heated to 180°C for 30 to 45 min. After cooling to ro< 
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Diphenylamine/Iron(III) Chloride/ 

Sulfuric Acid-Silver Nitrate/ 
Ammonia 


Chawla, H.M., Raiban, N.N., Garg, N.K., Chibber, &S. 
tion of Some Monovalent Anion” 3. High Resolut. Chi 
UK, 3, 651-652. 


Comtnun. 


Reagent Sequence for: 


• Univalent inorganic anions 

e.g. chloride, bromide, iodide, nitrate, thiocyanate 


Preparation of the Reagents 


Reagent 1 Spray solution I: Dissolve 1 g iron(III) chloride and 1 g diphenyl- 
amine in 100 ml cone, sulfuric acid. 

Reagent 2 Spray solution 2 : Ammoniacal silver nitrate solution (precise composi¬ 

tion not specified). 


Reaction 


The mechanism of the reaction has not been elucidated. Presumably several reactions 
occur simultaneously. Thiocyanates react with iron(III) salts with the formation of red- 
colored complexes. In sulfuric acid medium nitrate or nitrite oxidize diphenylamine to 


3.6 Reagent Sequences with Complex Reaction Patterns l: 

tetraphenylhydrazine, which then undergoes a benzidine rearrangement and the produ 
is oxidized to a blue-colored N,N'-diphenyldiphenoquinonediimine sulfate. In sulfui 
acid medium iodide and bromide are oxidized to the elementary halogens, which a 
also probably capable of oxidizing diphenylamine to colored derivatives. On the oth 
hand halides are also capable of decomposing the silver tetramine complex (reagent 
to yield elementary silver, which produces brownish-black chromatogram zones. 


Method 


The dried chromatograms are sprayed homogeneously with reagent 1 and then wi 
reagent 2 and finally dried in a stream of warm air for 5 to 10 min. 

Chromatogram zones of various colors are produced (bromide: yellow, iodide: pa 
red, thiocyanate: red, nitrate: blue and chloride: black) on a colorless background 

Note: The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 
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Fluorescein Isothiocyanate-Ninhydrin 


Reagent Sequence for: 

• Amino acids 


Preparation of the Reagents 

Reagent 1 Formation of thiourea derivatives 

Spray solution 1: Dissolve 10 mg fluorescein isothiocyanate in 100 ml 
0.1 mol sodium hydroxide solution. 

Reagent 2 Ninhydrin solution 

Spray solution 2: Dissolve 250 mg ninhydrin in 100 ml acetone. 


Reaction 


The amino acids probably react with the fluorescein isothiocyanate to yield fluorescein 
thiourea derivatives. These are hydrolyzed at elevated temperature in alkaline medium 
so that the amino groups that are produced can then react with ninhydrin. 


3.6 Reagent Sequences with Complex Reaction Patterns 


1 



i i 

S=C-NH- CH- COONa 


Fluorescein isothiocyanate Amino acid Fluorescein thiourea derivative 


Method 


The chromatograms dried in a stream of warm air are first sprayed homogeneously 
reagent 1 and then heated to 90 °C for 10 min. After cooling to room temperature 
are sprayed with reagent 2 and dried in a stream of cold air. Finally they are heati 
again to 90 °C for 10 min. 

The reagent sequence produces colored chromatogram zones of substance-depende 
color, some of which appear before the final heating step. The background remains cc 
orless. Some of the zones fluoresce with various colors, when examined under UV lig 
(X - 280 nm). 

Note: This reagent sequence is less sensitive than ninhydrin alone. However, it possess 
the advantage that the colors produced by the individual amino acids vary (Table 1 
whereas ninhydrin alone only produces reddish-violet colored zones. 

The visual detection limits are 0.3 to 1 pg substance per chromatogram zone. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


5 -S 
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Table 1: Color reactions of amino acids with fluorescein isothiocyanate — ninhydrin (extract from 
original table). 


Amino acid 

Color of the chromatogram zones in visible light 
Before heating After heating 

Alanine 

grayish-pink 

gray 

Arginine 

mauve 

grayish-pink 

Asparagine 

yellow-orange 

orange-yellow 

Aspartic acid 

pale mauve 

dark violet 

Cysteine 

mauve 

brown 

Cystine 

light beige 

yellow 

Hydroxyproline 

orange-yellow 

yellow 

Lysine 

mauve 

grayish-pink 

Proline 

straw-colored 

deep yellow 

Serine 

pink-violet 

grayish-pink 



3.6 Reagent Sequences with Complex Reaction Patterns 


Reagent Sequence for 


• Hydroxyamino acids 

e. g. threonine and a//o-threonine 


Preparation of the Reagents 


Reagent 1 


Condensation and decarboxylation 

Spray solution I: Dissolve 0.4 g ninhydrin and 5 ml 2,4,6-collidine i 
2-propanol and make up to 100 ml. 

Deprotonation 

Spray solution 2: 1 percent ethanolic potassium hydroxide solutior 


Reagent 2 


Reaction 


The mechanism of the fluorescence reaction has not been elucidated. See Volume 1 
“Ninhydrin — Collidine Reagent” for the ninhydrin reaction. 
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Method 

The dried chromatograms are first sprayed homogeneously with reagent 1 until they 
begin to be transparent and then heated to 80 °C for 20 min. After cooling to room 
temperature the layers are sprayed several times with reagent 2. After this treatment the 
chromatograms are stored for an extended period (24 h or longer), under the influence 
of daylight, in a twin-trough chamber, whose spare trough is filled with 72 percent 
glycerol (by volume). 

Examination under long-wavelength UV light (X = 365 nm) reveals pink to brilliant 
red fluorescent chromatogram zones on a dark background for threonine and allo- 
threonine. 

Note: Detection is reported to be specific for threonine and a/to-threonine. The 
presence of collidine in reagent 1 is reported to have a favorable effect on the produc¬ 
tion of the fluorescence. When the substance concentration is high the red fluorescence 
only occurs at the outer edges of the chromatogram zones (quenching as a result of high 
concentration). Immediately after treatment with reagent 2 threonine and alio- threo¬ 
nine produce characteristic pale green or sometimes yellow green to dirty blue-green 
fluorescence emissions in long-wavelength UV light (X = 365 nm), but these are only 
visible for 10 to 20 min. 

The detection limits for threonine and a//o-threonine are less than 100 ng substance 
per chromatogram zone. 

The reagent can be employed on cellulose layers. 


3.6 Reagent Sequences with Complex Reaction Patterns 
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Potassium Hexaiodoplatinate 
Sodium Hydroxide - 
1,2-Naphthoquinone-4-Sulfonic. 


J.E., Hamilton, H.E., Skrdlant, H., Bnrlwtt, L. Schwertner, H.: "Identification 
ted Antihypertensive Drugs by Thin-Layer Chromatography”, /. Chromatogr. 


Reagent Sequence for: 


• Pharmaceuticals and metabolites 
e.g. diuretics, antihypertensives 

such as chlorothiazide, hydrochlorothiazide, methyldopa 


Preparation of the Reagents 

Reagent 1 Spray solution 1: Treat 1 ml of a platinum chloride solution (5 Wo) wi 

1.5 g potassium iodide and mix with 3 ml cone, hydrochloric acid ai 
11 ml water. 

Reagent 2 Spray solution 2: Sodium hydroxide (c = 1 mol/L). 

Reagent 3 Spray solution 3: A saturated solution of 1,2-naphthoquinone- 
sulfonic acid sodium salt in ethanol - water (1 +1). 
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3.6 Reagent Sequences with Complex Reaction Patterns 
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Reaction 


The mechanism of the reaction has not been elucidated. 


Method 


The chromatograms are dried in a stream of warm air, then lightly sprayed successively 
with reagent 1 and reagent 2, followed by reagent 3. Finally they are heated to 110°C 
for 5 to 10 min. 

Chlorothiazide, hydrochlorothiazide and methyldopa produce pink-colored chroma¬ 
togram zones on a pale background. 

Note: The three reagents should be applied as quickly as possible after each other. In 
combination with the R y value, and with UV detection before application of the 
reagent sequence this procedure allows the identification of therapeutic quantities of 
thiazide diuretics and methyldopa in urine together with a series of other therapeutic 
agents. Mobile phase residues e. g. acetic acid, should be completely removed from the 
chromatograms before application of the reagent sequence. 

The detection limits for chlorothiazide, hydrochlorothiazide and methyldopa are 5 pg 
substance per milliliter urine (working with 5 ml samples). 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 



ic Acid-Potassium Hexaiodo 
platinate 


Verebey, K., Muld, SJ.: “Qualitative Differentiation 
taaine-iidocaine Mixtures (“Rock Cocaine”) Using 
Chromatogr. 1980, 198, 534-535. 


Reagent Sequence for: 


• Nitrogen-containing compounds 
e.g. alkaloids 

such as cocaine, lidocaine 


Preparation of the Reagents 


Reagent 1 Spray solution 1: Sulfuric acid (5%). 

Reagent 2 Spray solution 2: Treat 3 ml hexachloroplatinic(IV) acid solution 

(10%) with 100 ml aqueous potassium iodide solution (6%) and dilute 
with 97 ml water. 


Reaction 


The reaction is a redox reaction whose individual steps have not been elucidated. 
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Method 

The dried chromatograms are first sprayed homogeneously with reagent 1 and then 
oversprayed with reagent 2. 

Cocaine and lidocaine instantly produce purple-blue chromatogram zones on a col¬ 
orless background. 

Note: The colors of the chromatogram zones change gradually and peripheral rings of 
color form. The lidocaine zone, for example, becomes brown with a blue-gray ring and 
the cocaine zone becomes brown with a very weak purple ring, that becomes paler with 
time. When the cocaine and lidocaine zones are not adequately separated a 
characteristic blue-gray band-shaped zone appears above the lidocaine and becomes 
more emphatic as the cocaine zone disappears with time. 

The color differences between lidocaine and cocaine zones become clearly apparent 
after 4 h and are stable for about 24 h. They make it possible to identify cocaine and 
lidocaine in mixtures, even when the two substances are scarcely separated from each 
other. 

The reagent can be employed on silica gel, kieselguhr. Si 50000, RP and cellulose 
layers. 


3.6 Reagent Sequences with Complex Reaction Patterns 
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Part II 


Reagents 

in Alphabetical Order 




Acridine Orange Reagent 
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Acridine Orange Reagent 


Acridine Orange Reagent 


U 


Reaction 


Acridine orange changes its fluorescence color from pale yellow-green to yellow in a 
specific pH range (pH 8-10) [1, 4]. 

cr 


H 3 ' 

h 3 c 


%jO^CV CHi 

c' H X CH, 


3 -HC1 


H 3 C v 

h 3 c" 


N 


'N' 


,ch 3 

'~ch 3 


Method 


Table 1: Fluorescence colors of the chromatogram zones and of the layer background as a fun 
tion of the reagent employed and of the excitation wavelength [1], 


Fluorescence excitation at: 
Color of: 

254 nm 

Background Zone 

365 nm 

Background Zone 

Acridine 

pale blue 

yellow-green 

pale blue 

pale 

yellow 

9-Phenylacridine 

blue-green 

yellow 

blue-green 

yellow 

Acridine orange 

yellow-green 

red-violet 

yellow-green 

red 


Dibenz[a/]acridine 

deep blue 

pale blue 

deep blue 

pale 

blue 

9-Phenoxyacridine 

deep blue 

pale blue 

deep blue 

pale 

blue 

9-(p-Methylphenoxy)acridine 

deep blue 

pale blue 

deep blue 

pale 

blue 

9-(m-Methylphenoxy)acridine 

deep blue 

pale blue 

deep blue 

pale 

blue 

9-(p-Aminophenoxy)acridine 

deep blue 

pale blue 

deep blue 

pale 

blue 


The chromatograms are freed from mobile phase (30 min, 120 °C), cooled to room tem¬ 
perature, immersed in the dipping solution for 2 s or homogeneously sprayed with the 
spray solution, dried in a stream of cold air for 10 min and then heated to 120 °C for 
30 min [1]. 

Observation under short- and long-wavelength UV light (X = 254 nm or 365 nm) re¬ 
veals yellow to orange fluorescent chromatogram zones on a yellow-green fluorescent 
background. 

Note: Other acridine derivatives can be used as reagents instead of acridine orange 
(Table 1) [1, 5]. The detection limits lie between a few ng and 100 ng substance per chro¬ 
matogram zone depending on the substance [1, 3]. If 2-methoxy-9-isothiocyanato- 
acridine is used as reagent fatty acids can also be detected, whereby the visual detection 
limits are in the nanogram range at 0.1 pg substance per chromatogram zone [5]. 

The reagent can, for instance, be employed on silica gel, paraffin-impregnated silica 
gel, kieselguhr and Si 50000 layers. 


Procedure Tested 


Carprofen and Naproxen [31 

Method Ascending, one-dimensional development in a trough chambt 

with chamber saturation. After sample application the HPTL 
plate was preconditioned for 30 min in the mobile phase-fit 
trough of a twin-trough chamber (without filter paper lining). 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase Hexane — diethyl ether — 1-butanol — ethyl acetai 

(65 + 15 + 11+9). 

Migration distance 6 cm 

Running time 20 min 

Detection and result: The developed chromatogram was dried for 30 min at 120°( 
cooled to room temperature and immersed in the dipping solution for 2 s. Then it w: 
dried in a stream of cold air for 5-10 min. 

On visual inspection in daylight carprofen (h/? f 40-45) was recognizable as 
pink-colored chromatogram zone on a yellow background. In long-wavelength UV ligl 
(X = 365 nm) carprofen appeared as an orange and naproxen (h/? f 55-60) as a yello 
fluorescent chromatogram zone on a yellow-greenish fluorescent background. 
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Acridine Orange Reagent 


In situ quantitation: For fluorimetric evaluation there was excitation at X ac = 313 nm 
and the fluorescence emission was measured at = 365 nm (monochromatic filter 
M 365). This arrangement yielded the most intense signals. (The emission beam at 
X = 365 nm is appreciably more intense than the visible yellow fluorescence.) Further 
treatment of the chromatogram with liquid paraffin - w-hexane (1 +2) is not to be rec¬ 
ommended. 

The photometric detection limit of carprofen was at 4 ng substance per chromato¬ 
gram zone; 100 ng substance per chromatogram zone could be detected visually. 


1 



Fig. 1: Fluorescence scan of a chromatogram track with 200 ng each of carprofen (1) and 
naproxen (2) per chromatogram zone. 
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Ammonium Monovanadate- 
p-Anisidine Reagent 



Preparation of the Reagent 

Solution I Dissolve 2.5 g ammonium monovanadate (ammonium metavant 

date) in 20 ml water and add 20 ml ethanol. Filter off the precip: 
tate that is formed. 

Solution II Dissolve 0.5 g p-anisidine in 50 ml ethanol, add 2 ml phosphori 

acid (85%) and make up to 100 ml with ethanol. Filter off the prt 
cipitate that is formed. 

Dipping solution Mix equal volumes of solutions I and II immediately before us< 

Storage Reagent solutions I and II may be stored for a longer period. 

Substances Ammonium monovanadate 

Ethanol absolute 
p-Anisidine 

Phosphoric acid (85 %) 
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Ammonium Monovanadate-p-Anisidine Reagent 


Reaction 


The reaction mechanism has not been elucidated; the ammonium monovanadate pre¬ 
sumably oxidizes the phenols to quinones, that then react with p-anisidine to form 
quinonimines. 



nh 4 vo 3 

Oxidation 


0=Q=0 + 2 H 2 NH^-( 


-2H 2 0 


Phenol Quinone p-Anisidine 


Quinonimine 


Method 

The chromatogram is dried for 10 min in a stream of warm air and then immersed in 
the dipping solution for 2 s or sprayed homogeneously with it, dried for 2 min in a 
stream of warm air and then heated to 110 °C for 1 min. 

Dimethylphenols yield turquoise-colored chromatogram zones on a violet back¬ 
ground, that are converted to blue-violet zones on a flesh-colored background on brief 
exposure to ammonia vapor. 

Note: The detection limits are 20 ng substance per chromatogram zone. 

The reagent can, for instance, be employed on silica gel, kieselguhr and on Si 50000 
layers. 


Procedure Tested 

Dimethylphenols [1-3] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 


Ammonium Monovanadate-p-Anisidine Reagent 


14‘ 


Layer HPTLC plates Silica gel 60 (Merck); before application of th< 

samples the layer was developed once to its upper edge with chlo 
roform - methanol (50 + 50) to precleanse it and then dried a 
110°C for 30 min. 

Mobile phase Toluene 

Migration distance 6 cm 

Running time 10 min 

Detection and result: The chromatogram was dried for 10 min in a stream of warm aii 
and immersed in the dipping solution for 2 s, dried for 2 min in a stream of warm ai, 
and heated for 1 min to 110°C (Thermoplate Desaga). 2,5-Dimethylphenol (hR 
25-30) and 2,6-dimethylphenol (hR f 40-45) appeared as turquoise-colored chromato 
gram zones on a violet background and were converted to blue-violet zones on i 
flesh-colored background on exposure to ammonia vapor for 5 min. 

In situ quantitation: The absorption photometric scan in reflectance was carried ou 
at k = 590 nm after exposure to ammonia vapor. The detection limits were 20 ng sub 
stance per chromatogram zone (Fig. 1). 


2 



Fig. 1: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zone 
• = 2,5-dimethylphenol, 2 = 2,6-dimethylphenol. 
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Ammonium Monovanadate-p-Anisidine Reagent 
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Ammonium Thiocyanate Reagent 

(Ammonium Rhodanide Reagent) 



Preparation of the Reagent 

Dipping solution Dissolve 500 mg ammonium thiocyanate in 45 ml acetone and 
add 5 ml glacial acetic acid [1]. 

Storage The dipping solution may be stored for at least 1 week. 

Substances Ammonium thiocyanate 

Acetone 

Acetic acid (100%) 

Reaction 


Thiocyanate ions form stable complex salts, e. g. intense red with iron(III) and pale blue 
with cobalt(ll) cations. 
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Ammonium Thiocyanate Reagent 


Ammonium Thiocyanate Reagent 


15 


Method 


The chromatogram is freed from mobile phase, immersed in the dipping solution for 
2 s or homogenoeously sprayed'with it and then dried for 3 min in a stream of cold air. 

Cobalt produces pale blue and iron red-brown chromatogram zones on a colorless 
background. 

Note: Substances that form more stable colorless complexes with the metal ions (e.g. 
EDTA, phosphates, phosphonic acids etc.) than thiocyanate interfere with the reaction. 

Re(VII), Mo(VI) and V(V) cations are detected by first spraying the chromatogram 
with tin(II) chloride solution (10% in 6 N hydrochloric acid) and then with ammonium 
thiocyanate solution (50% in water). This leads to the formation of orange, pink or yel¬ 
low-colored complexes [2]. 

The detection limits for iron and cobalt cations on cellulose layers are 2 and 20 ng 
substance per chromatogram zone [1], 

The reagent can be used, for example, on aluminium oxide and on cellulose layers. 


Procedure Tested 


Iron(III) and Coba)t(II) Ions [1] 


Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer HPTLC plates Cellulose F 254s (Merck); before application of 

the samples the layer was developed once to its upper edge with 
chloroform — methanol (50 + 50) to precleanse it and then dried 
at 110°C for 15 min. 

Mobile phase Methanol — hydrochloric acid (32%) - water (80+16+4). 

Migration distance 5 cm 

Running time 30 min 


Detection and result: The developed chromatogram was dried for ca. 5 min in a streai 
of cold air, immersed in the dipping solution for 2 s and then dried for 3 min in 
stream of cold air. 

Cobalt(II) ions (h/? f 65-70) yielded pale blue and iron(III) ions (h/f f 85-90) re< 
brown chromatogram zones on a colorless background. The detection limits per chr< 
matogram zone were 2 ng for iron and 20 ng for cobalt. 

In situ quantitation: The absorption photometric scan in reflectance was carried oi 
at X max = 610 nm for cobalt and at X max = 480 nm for iron (Figure 1). 



A 



Fig. 1: Reflectance scans of a chromatogram track with 200 ng cobalt(ll) chloride and 50 
iron(lll) chloride per chromatogram zone. A) scannned at X = 610 nm and B) at X = 480 nm (c 
ferent reproduction scales!): 1 = cobalt(H) ions, 2 = iron(lll) ions 
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4,4Bis(dimethylamino)thioDenzopnenone Keagen i 


uj 


4,4'-Bis(dimethylamino)- 
thiobenzophenone Reagent 

(Michler’s Thioketone) 


Reagent for: 

ch 3 ch 3 

• Organomercury compounds [1-5] 

wf.' XXXX CHs 


S 


C17H20N2S 

M r = 284.43 


Preparation 

of the Reagent 

Stock solution 

Dissolve 1 g 4,4'-bis(dimethylamino)thiobenzophenone (Michler’s 
thioketone) in 100 ml chloroform. 

Dipping solution 

Dilute 1 ml stock solution to 100 ml with chloroform. 

Storage 

The stock solution is stable for several weeks in the refrigerator. 
The dipping solution is light-sensitive and should, therefore, always 
be made up fresh. 

Substances 

4,4'-Bis(dimethylamino)thiobenzophenone 

Chloroform 


Reaction 


The reaction has not been elucidated. Presumably Michler’s thioketone reacts with 
organomercury compounds to yield intensely colored, mesomer-stabilized diphenyl- 
methane derivatives. 


H 3 C _ _ CH 3 H 3 C x + / CH 3 

\-TX-C-f\-U +CIHgCH 3 *- N<>C-0-N 

HC ' CH, H 3 C S CH 3 


cr 


Hg — CH 3 


Method 


The developed chromatogram is dried in a stream of cold air, immersed in the dippinj 
solution for 2 s, then dried in a stream of warm air for 5 min and heated to 110°C fo 
1-2 min until the coloration reaches its maximum. 

Violet chromatogram zones are formed on a pale yellow to pale green background 

Note: The detection limits are 1-2 ng substance per chromatogram zone. 

The reagent can be used, for example, on silica gel, kieselguhr and Si 50000 layers 


Procedure Tested 


Organomercury Compounds [1-3] 

Method Ascending, one-dimensional development in a trough chambt 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck); before application of tli 

samples the layer was developed once to its upper edge with chl< 
roform - methanol (50 + 50) to precleanse it and then dried i 
110 °C for 30 min. 
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Mobile phase n-Hexane - diisopropyl ether — tetrahydrofuran (85 + 10+5). 

Migration distance 5 cm 
Running time 16 min 

Detection and result: The chromatogram was freed from mobile phase for 15 min in 
a stream of cold air and immersed in the dipping solution for 2 s, dried for 5 min in 
a stream of warm air and then heated to 110-130 °C for 1-2 min, until the color of the 
chromatogram zones reached maximum intensity. 

Methylmercuric chloride (h/? f 20-25), ethylmercuric chloride (h/? f 25-30), 
phenylmercuric chloride (h/? f 35-40), dimethylmercury (hR f 65-70) and diphenylmer- 
cury (h/J f 75-80) appeared as violet zones on a pale yellow to pale green background. 

Note: With the mobile phase described a pale colored B-front appeared at hR f 5-10, 
but it did not affect the interpretation of the chromatogram. 

In situ quantitation: The absorption photometric scan in reflectance was carried out 
at X = 560 nm. The detection limits lie between 1 and 2 ng substance per chromatogram 
zone. 



Fig. 1: Reflectance scan of a chromatogram track with 30 ng substance (calculated as Hg) per 
chromatogram zone: 1 = methylmercuric chloride, 2 = ethylmercuric chloride, 3 = phenyl¬ 
mercuric chloride, 4 = dimethylmercury, 5 = diphenylmercury. 


4,4'-Bis(dimethylamino)thiobenzophenone Reagent 1 
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N-Bromosuccinimide Reagent 
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N-Bromosuccinimide Reagent 


Reagent for: 


• a-Hydroxyquinones, 5-hydroxyflavones [1] 

• Amino acids, Z-protected amino acids 


e. g. histidine and histidine derivatives [2, 3] 


carnosine [2] 



i 

Br 


C 4 H 4 BrN0 2 

M r = 177.99 


Reaction 


The mechanism of the reaction has not yet been elucidated [4]. In the case 
5-hydroxyflavonoids it is assumed that colored adducts are formed [1]. 



Quercetin 


N-Bromosuccinimide Colored adduct 


Method 


Preparation of the Reagent 


Dipping solution 
Spray solution 
Storage 


Substances 


Dissolve 0.5 g N-bromosuccinimide in 100 ml acetone [3], 

Dissolve 0.5 g N-bromosuccinimide in 25 ml 1-butanol [1]. 

The reagent solutions may be stored for ca. 1 week in the refriger¬ 
ator [3], 

N-Bromosuccinimide 

Acetone 

1-Butanol 


The chromatograms are freed from mobile phase in a stream of warm air, immers 
in the dipping solution for 3 s or homogeneously sprayed with the spray solution a 
then heated to 120 °C for 20 min. 

This yields yellow to brownish colored chromatogram zones, which emit pale bl 
fluorescence on a dark background when excited with long-wavelength UV lif 
(X = 365 nm). 

Note: The detection limits for a-hydroxyquinones and 5-hydroxyflavones are 5 pg 
and for histidine 20 ng substance per chromatogram zone [3]. 

The reagent can be used on silica gel, kieselguhr, Si 50000 and cellulose layers. 
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N-Bromosuccinimide Reagent 


Procedure Tested 

Histidine and N-a-Z-L-Histidine [3] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer TLC plates Silica gel 60 F 2 5 4 (Merck). 

Mobile phase Chloroform — methanol — ammonia solution (32%) 
(20+16+10). 

Migration distance 7 cm 
Running time 30 min 

Detection and result: The chromatogram was freed from mobile phase in a stream of 
warm air for 15 min, immersed in the dipping solution for 3 s, dried in a stream of cold 
air for 5 min and then heated to 120 °C for 20 min. Finally, the chromatogram was im¬ 
mersed for 2 s in a solution of liquid paraffin - n-hexane (1+2) in order to stabilize 
and enhance the fluorescence (factor ca. 4). 

Histidine (hR f 35-40) and N-a-Z-L-histidine (hR f 45-50) yielded brown chromato¬ 
gram zones, with a pale blue fluorescence on a dark background under long-wavelength 
UV light (X = 365 nm). The detection limits lay at 20 ng substance per chromatogram 
zone. 

In situ quantitation: Fluorimetric evaluation was carried out with excitation at 
X mc = 365 nm and the fluorescence emission was measured at X. n > 400 nm (cut off fil¬ 
ter K 400). 


1 



Fig. 1: Fluorescence scan of a chromatogram track with 200 ng each of histidine (1) and N-a-Z-L- 
histidine (2) per chromatogram zone. 


N-Bromosuccinimide Reagent 


If 
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N-Bromosuccinimide-Robinetin Reagent 
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N-Bromosuccinimide-Robinetin 

Reagent 



Substances N-Bromosuccinimide 

Robinetin 
Ethanol 
Acetone 
Bromine 

Carbon tetrachloride 

Reaction 


It is assumed that the hydrogen bromide released on the oxidation of thiophosphori 
acid insecticides with N-bromosuccinimide or bromine vapors forms intensely fluores 
cent salt-like derivatives with 3-hydroxyflavones — such as robinetin [1, 2, 4]. 



Preparation of the Reagent 


Method 


Solution I 

Dipping solution I 
Dipping solution II 
Storage 


Make 3.2 ml bromine up to 100 ml with carbon tetrachloride in 
a measuring cylinder [1]. 

Dissolve 50 mg N-bromosuccinimide in 50 ml acetone [3]. 

Dissolve 50 mg robinetin in 70 ml ethanol [3]. 

The dipping solutions may be stored in the refrigerator at 4°C for 
ca. 2 weeks [3], 


The chromatograms are freed from mobile phase in a stream of warm air and then i 
105 °C for 5 min, immersed in the dipping solution I for 3 s [3] or placed still wan 
for 10 s in a twin-trough chamber, whose vacant trough has been filled with 10 ml c 
solution I [5, 6], Then after drying in a stream of cold air (after evaporation of the e 
cessive bromine vapor) the chromatograms are immersed in dipping solution II for 3 
or evenly sprayed with it until the layers begin to be transparent and finally heated 1 
105 °C for 5 min. 

In long-wavelength UV light (X. = 365 nm) yellow-green fluorescent chromatogra 
zones are visible on a weakly fluorescent background. 
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N-Bromosuccinimide-Robinetin Reagent 


Note: A range of pesticides can be detected on cellulose layers using 3-hydroxyflavones 
without prior bromination. Thus, the natural fluorescence of robinetin or fisetin, which 
is weak in a non-polar environment, is significantly enhanced by the presence of polar 
pesticides [2, 5, 7, 8]. 

The detection limits for thiophosphate insecticides are 40-100 ng substance per chro¬ 
matogram zone [1], 

The reagent can be used on silica gel, kieselguhr, Si 50000 and cellulose layers. 


Procedure Tested 


Thiophosphoric Add Insecticides [3] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 , extra thin layer (Merck), that 

had been prewashed by immersing overnight in 2-propanol and 
then dried at 110°C for 30 min. 

Mobile phase n-Hexane — diethyl ether — ethanol — ethyl acetate — formic 

acid (543+200+130+127+1). 

Migration distance 8 cm 

Running time 35 min 

Detection and result: The chromatogram was dried in a stream of warm air for 3 min, 
immersed in dipping solution I for 5 s, dried in a stream of cold air for 3 min and then 
immersed in dipping solution II for 3 s. It was then heated to 110 °C for 5 min, cooled 
to room temperature and dipped in a solution of liquid paraffin - n-hexane (1 + 2) for 
1 s in order to stabilize and enhance the fluorescence. The chromatogram was then 
dried in a stream of cold air and evaluated after allowing to stand for ca. 30 min. 

In long-wavelength UV light (X. = 365 nm) oxydemeton-methyl (h7? f 5-10), 
omethoate (h/? f 15-20), demeton-S-methylsulfon (h/? f 30-35), methamidophos (W? f 
40-45), dimethoate (h7? f 55-60), tra/is-mevinphos (h/? f 60-65), cis-mevinphos (hi? f 
70-75), dichlorophos (hR f 75-80) and trichlorfon (h/? f 85-90) appeared as yellow flu¬ 
orescent chromatogram zones on a weakly fluorescent background. 

The detection limits lay at 100 ng substance per chromatogram zone. 


N-Bromosuccinimide-Robinetin Reagent 


1 < 


In situ quantitation: The fluorimetric evaluation was carried out at = 365 nm ar 
the fluorescence emission X, fl >430 nm was measured (cut off filter FI 43). 


1 



Fig. 1 : Fluorescence scan of a chromatogram track with 300 ng of each substance per chroma 
gram zone: 

1 = oxydemeton-methyl, 2 = omethoate, 3 = demeton-S-methylsulfon, 4 = methamidopb 
5 = dimethoate, 6 = /rans-mevinphos, 7 = cis-mevinphos, 8 = dichlorophos, 9 = trichlorfon. 
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Cacotheline Reagent 



Preparation of the Reagent 


Dipping solution 

Spray solution 

Storage 

Substances 


Dissolve 50 mg cacotheline in 50 ml water and make up to 100 m 
with ethanol [2]. 

Dissolve 1 g cacotheline in 50 ml water [1]. 

The reagent solutions should always be made up fresh. 

Cacotheline 

Ethanol 


Reaction 


Cacotheline is a redox indicator which is yellow in the oxidized form and reddish-viole 
in the reduced form. 
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Method 


The chromatograms are dried in a stream of warm air, immersed in the dipping solution 
for 10 s or sprayed homogeneously with the spray reagent and then dried in a stream 
of cold air [2] or heated briefly to 110°C [1]. 

Ascorbic acid produces reddish-brown to violet chromatogram zones on a yellow 
background [2]. 

Note: Dehydroascorbic acid does not react [2, 3]. 

The detection limit for ascorbic acid is less than 100 ng substance per chromatogram 
zone [2]. 

The reagent can be employed on silica gel, kieselguhr and Si 50000 layers. 


Procedure Tested 


Ascorbic Acid [3] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Ethanol (96%) — acetic acid (10%) (95 + 5). 

Migration distance 5 cm 
Running time 30 min 

Detection and result: The dried chromatogram was immersed in the dipping solution 
for 3 s and then heated briefly to 110°C. 

Ascorbic acid (hft f 50-55) appeared as a brown-red chromatogram zone that was 
only stable for ca. 20 min; the background was yellow. The detection limit was less than 
100 ng substance per chromatogram zone. 


Cacotheline Reagent If 

of reagents, which can also be applied in the reverse order, leads to the disappearam 
of the red-brown coloration of the ascorbic acid zone within 15 to 20 min! 

In situ quantitation: The absorption photometric evaluation in reflectance was carrif 
out at the wavelength X = 500 nm (Fig. 1). 
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Fig 1: Reflectance scan of a chromatogram track with 500 ng each of ascorbic acid (1) i 
dehydroascorbic acid (2) per chromatogram zone. 
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Note: Dehydroascorbic acid, the decomposition product of ascorbic acid, does not 
react. But it can be detected as a yellow-orange chromatogram zone (hR f 65-70) by 
further treatment of the chromatogram with 2,4-dinitrophenylhydrazine. This sequence 



Chloramine T Reagents 
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Chloramine T Reagents 


A variety of chloramine T reagents, involving the use of chloramine T for chlorination 
or oxidation reactions, have been described in the literature. These are described in de¬ 
tail individually in the following monographs. 

In these reagents chloramine T - a white powder containing approximately 25% ac¬ 
tive chlorine - is used as a substitute for hypochlorite or chlorine gas. The reactions 
take place in either acid (hydrochloric acid, sulfuric acid, trichloroacetic acid) or alka¬ 
line medium (sodium hydroxide). 

Comparative investigations have revealed that varying the acid used or replacing 
it by a base is generally accompanied by changes — sometimes drastic - in the sensi¬ 
tivity of detection. The information that follows is intended to help the TLC user to 
choose and optimize the most suitable chloramine T reagent for a particular appli¬ 
cation: 

1. When using chloramine T-mineral acid reagents care should be taken to treat the 
layer with chloramine T first and then with mineral acid. The sensitivity is consider¬ 
ably reduced if the plate is, for example, merely dipped once in a combined reagent 
consisting of chloramine T in 5 percent sulfuric acid. 

2. Care must be exercised in the choice of acid employed in chloramine T — mineral 
acid reagent since the detection sensitivity and also the color of the fluorescences 
produced depend to a significant extent on the choice of acid. This is illustrated for 
the purine derivatives caffeine, theobromine and theophylline in Figure 1 and 
Table 1. 

3. Only theophylline yields an intensely fluorescent derivative under long-wavelength 
UV light when treated with chloramine T — sodium hydroxide reagent. The purine 
derivatives caffeine and theobromine investigated at the same time fluoresce very 
weakly or not at all. 

4. Digitalis glycosides that react well with various chloramine T — trichloroacetic acid 
or mineral acid reagents are not excited to fluorescence after treatment with 
chloramine T — sodium hydroxide. 

5. The phenols pyrocatechol, resorcinol and hydroquinone can be detected with all 
chloramine T reagents. The detection sensitivity is about the same with chloramine 
T — sodium hydroxide and chloramine T — trichloroacetic acid. In all cases the de¬ 
tection limits are ca. 75 ng substance per chromatogram zone after the plate has been 
subsequently dipped in a paraffin oil solution. Somewhat less favorable detection 
limits of 150 to 200 ng substance per chromatogram zone are obtained after treat¬ 
ment with chloramine T — hydrochloric acid and chloramine T — sulfuric acid. 


6. Exposure to hydrochloric acid vapor instead of application of 5 % methanolic hydi 
chloric acid leads to approximately comparable results. 


1 



2 



Fig. 1: Comparison of the detection sensitivity after derivatization of three purine derivatives v 
chloramine T - sulfuric acid (A) and chloramine T - hydrochloric acid (B). Measuremi 
X rac = 365 nm, X n = 440 nm (monochromatic filter M 440): 1 = theophylline, 2 = theobrom 
3 = caffeine. 
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Table Is Fluorescence color and detection limits of the derivatives formed by reaction with various 
reagents incorporating chloramine T. 


Substance* 

HC1 

Chloramine T reagent with 
H 2 S0 4 CCIjCOOH 

NaOH 

Theophylline 

yellow-green 

blue 

blue 

blue 


100 

100 

100 

50 

Theobromine 

blue 

yellow 

yellow 

no fl. 


100 

50 

300 

— 

Caffeine 

blue 

yellow 

blue 

no fl. 


200 

300 

300 

- 

Digoxin 

blue 

blue 

blue 

no fl. 


50 

50 

50 

— 

Digitoxin 

yellow 

yellow 

yellow 

no fl. 


50 

50 

50 

- 

Pyrocatechol 

pale yellow 

pale yellow 

yellow-orange 

yellow 


100 

75 

75 

75 

Resorcinol 

pale yellow 

pale yellow 

yellow 

yellow-orange 


100 

100 

75 

75 

Hydroquinone 

yellow 

yellow 

red-brown 

red-brown 


100 

75 

75 

75 


* Fluorescence colors produced on excitation at X = 365 nm; detection limits in ng per chromato¬ 
gram zone, after dipping in liquid paraffin - n-hexane (1 + 2). 


Chloramine T-Mineral Acid Reagent 


Reagent for: 

• Purine derivatives [1-3] 
e.g. caffeine, theophylline, theobromine 

• Steroids, sterols [4, 5] 
e.g. dehydroepiandrosterone, cholesterol, 

solasodine, estriol, testosterone 

HC1 H 2 S0 4 C 7 H 7 CINNa0 2 S • 3H 2 0 

M r = 36.46 M r = 98.08 M r = 281.69 

Hydrochloric Sulfuric acid Chloramine T 

acid 


Preparation of the Reagent 

Dipping solution I Dissolve 2.5 g chloramine T in 20 ml water and dilute with 30 r 
methanol [6, 7]. 

Dipping solution II Cautiously mix 47.5 ml methanol with 2.5 ml cone, sulfuric 
hydrochloric acid with cooling [6, 7]. 

Spray solution I Dissolve 10 g chloramine T in 100 ml water [1-3]. 

Spray solution II Hydrochloric acid (c = 1 mol/L) [1-3]. 

Spray solution III Dissolve 2 g chloramine T in 100 ml cone, sulfuric acid [4, 5; 

Storage Contrary to what literature reports spray solutions I and 1 

should always be made up fresh; as should dipping solution 
Dipping solution II and spray solution II may be stored for an < 
tended period. 
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Substances Chloramine T trihydrate 

Hydrochloric acid, 1 mol/L 
Hydrochloric acid (32%) 
Sulfuric acid (95-97%) 
Methanol 


Reaction 


Purine derivatives (e. g. xanthine) are oxidized by chloramine T in the presence of hy¬ 
drochloric acid and form purple-red ammonium salts of purpuric acid (murexide) with 
ammonia. Whether the murexide reaction is also the cause of the fluorescence is open 
to question. 



Method 


Purine derivatives: The chromatograms are freed from mobile phase in a stream of 
warm air, immersed in dipping solution I for 2 s and either placed while still damp in 
an atmosphere of hydrochloric acid for 10 min [6] or immersed in dipping solution II 
for 1 s after brief intermediate drying. Alternatively, they can be sprayed homoge¬ 
neously with spray solution I and then, after brief intermediate drying with spray solu¬ 
tion II [1-3]. In both cases the chromatograms are then heated to ca. 100 °C — until 
the chlorine odor disappears - and then placed for ca. 5 min in the empty trough of 
a twin-trough chamber which has been filled with ammonia solution (25%). 

Purine derivative yield pinkish-red chromatogram zones on an almost colorless 
background [1-3]. The chromatogram is then heated to ca. 100°C again until the color 
development reaches maximum intensity (yellow to orange). On excitation with 


long-wavelength UV light (k = 365 nm), blue or yellow fluorescent zones become vis 
ble now. 

Steroids: The developed chromatograms are freed from mobile phase in a stream c 
cold air, then either immersed for 2 s in dipping solution I and, after brief intermedia 
drying in a stream of warm air, immersed in dipping solution II for 2 s or homog 
neously sprayed with spray solution III and, after being left for 5 min at room temper 
ture, heated at 110°C for 5 min and evaluated. 

Even before heating steroids frequently yield characteristic, pale yellow to dark pu 
pie colored zones, whose colors generally change on heating [4] and which are usual 
excited to fluorescence in long-wavelength UV light (k = 365 nm) [6]. 

Note: The detection of steroids is more sensitive than with the Liebermann-Burchai 
reaction. Visual detection limits of 0.2 to 5 pg substance per chromatogram zone ha 
been reported [4]; photometric detection limits are appreciably lower being a ft 
nanograms substance per chromatogram zone [6]. The reagent with sulfuric acid 
more sensitive than that containing hydrochloric acid for the detection of estrogens [( 
However, the hydrochloric acid-containing chloramine T reagent yields the best coloi 
tion results for purine detection; here it is more sensitive than the reagents containi 
trichloroacetic acid or sulfuric acid [6]. The fluorescence occurring with purines c 
be increased (factor 2) and stabilized by finally dipping the chromatogram in liquid pi 
affin — n-hexane (1+2) [6]. 

The reagent can be used, for example, on silica gel, kieselguhr and Si 50000 layi 
as well as on RP, CN, NH 2 and DIOL phases. Cellulose and polyamide 11 layers ch 
on heating. 


Procedure Tested 1 


Xanthine Derivatives [6, 7] 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough chaml 
with chamber saturation. 

HPTLC plates Silica gel 60 (Merck). 

Ethyl acetate - methanol - ammonia solution (25 
(16+4+3). 

6 cm 
15 min 
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17' 


Detection and result: When viewed under short-wavelength UV light (A = 254 nm) dark 
zones were visible due to fluorescence quenching. 

With larger amounts of substance red zones appeared on a white background. When 
viewed under long-wavelength UV light (A = 365 nm) clear fluorescence could be seen 
with lower concentrations if the chromatogram was freed from mobile phase for 5 min 
in a stream of cold air, immersed in dipping solution I for 2 s and immediately exposed, 
while still damp, to hydrochloric acid vapors for 10 min (twin-trough chamber, whose 
second trough had been filled with 10 ml hydrochloric acid (32%)). The chromatogram 
was heated to 110°C for 10 min and then, after cooling to room temperature, placed 
in the vacant trough of a twin-trough chamber filled with 10 ml ammonia solution 
(25%) for 10 min. Then it was heated once again to 110 °C for 10 min and, after cool¬ 
ing, dipped in a solution of liquid paraffin - n-hexane (1+2) for 2 s in order to in¬ 
crease (factor 2) and stabilize the fluorescence. 

In the concentration range above 1 pg substance per spot, red-colored chromatogram 
zones (murexide reaction) could be seen on a pale background; these could be excited 
to blue (caffeine, h R { 75- 80: theobromine, h R f 55-60) or yellow (theophylline hR f 
35-40) fluorescence on a dark background in long-wavelength UV light (A = 365 nm). 

If the fluorescence was excited at a wavelength of X ac = 313 nm, then the detection 
limits were 200 ng (caffeine, theophylline) to 400 ng (theobromine) substance per chro¬ 
matogram zone. At an excitation wavelength A cxc = 365 nm the detection limits were 
appreciably lower at 100 ng substance per chromatogram zone for theobromine and 
theophylline. The sensitivity remained unchanged in the case of caffeine. 

In situ quantitation: The fluorimetric evaluation was made either at A exc = 313 nm and 
A n > 390 nm or at A^ = 365 nm and A n > 390 nm (Fig. 1). 


2 



Fig. 1: Fluorescence scan of a chromatogram track with 500 ng each of theophylline (1), 
theobromine (2) and caffeine (3) per chromatogram zone 


Procedure Tested 2 


Estrogens [6] 

Method Ascending, one-dimensional development in a trough chambe 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase Toluene — ethanol (90+10). 

Migration distance 7 cm 
Running time 15 min 

Detection and result: The chromatogram was freed from mobile phase in a stream o 
cold air for 5 min, immersed in dipping solution I for 2 s and dried in a stream of warr 
air for 1 min. It was then immersed in dipping solution II for 2 s and heated to 110°( 
for 10 min. The chromatogram was then placed for 5 min in a twin-trough chambe 
whose second chamber had been filled with 10 ml ammonia solution (25 %), and the 
heated to 110°C for 5 min. After cooling the chromatogram was immersed for 2 s i 
liquid paraffin - n-hexane in order to increase (factor 2) and stabilize the fluoresceno 
After treatment with dipping solution II and subsequent heating the estrogens a 
ready appeared as earth brown (estriol, estradiol) and yellow-brown (estrone) chrc 
matogram zones, which could be excited to pale yellow fluorescence on a colorle: 
background in long-wavelength UV light (A = 365 nm). 

After exposure to ammonia vapor and treatment with paraffin oil estrii 
(hR f = 15-20), estradiol (hR f 30-35) and estrone (hR f 35-40) appeared as white-ye 
low fluorescent chromatogram zones on a colorless background, when excited i 
long-wavelength UV light (A = 365 nm). The detection limits for all three estrogei 
were in the 50 ng range on absorption photometric measurement and 10 ng substanc 
per chromatogram zone on fluorimetric evaluation. 

In situ quantitation: The absorption photometric measurement was made : 
A = 380 nm (Fig. 2A) and the fluorimetric evaluation was carried out with excitatic 
at A exc = 365 nm and measurement at A n > 560 nm (Fig. 2B). 
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Fig. 2: Reflectance scan (A) and fluorescence scan (B) of a chromatogram track with 1 pg (A) or 
200 ng (B) each substance per chromatogram zone: 1 = estriol, 2 = estradiol, 3 = estrone. 
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Chloramine T-Sodium Hydroxide 

Reagent 


Reagent for: 


• Polybasic phenols 

e.g. 1,2- and 1,3-dihydroxybenzene derivatives, 
vicinal trihydroxybenzene derivatives [1] 

• Flavonoids [1] 

• a-Nitroso-p-naphthol [1] 


NaOH 
M r = 40.00 
Sodium hydroxide 


O 

n 

-S-N~ 


Na 


"^1 a 
C 7 H 7 ClNNa0 2 S • 3H 2 0 
M r = 281.69 
Chloramine T 


Preparation of the Reagent 


Dipping solution 

Spray solution 
Storage 


Dissolve 5 g chloramine T in 50 ml water with shaking. / 
500 mg sodium hydroxide to this solution and dissolve also v 
shaking. Then dilute with 50 ml methanol. 

Dissolve 5 g chloramine T in 100 ml 0.5 percent sodium hydi 
ide solution [1]. 

The dipping reagent may be stored in the refrigerator for sev< 
weeks. 
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Chloramine T- Sodium Hydroxide Reagent 


Substances Chloramine T trihydrate 

Sodium hydroxide pellets 
Methanol 


Reaction 


The mechanism of the reaction has not yet been elucidated; it is assumed that 1,2- 
dihydroxybenzene is oxidized to quinone and vicinal trihydroxybenzene derivatives to 
hydroxyquinones [1], 


Method 


The chromatograms are freed from mobile phase in a stream of cold air, immersed in 
the dipping solution for 2 s or homogeneously sprayed with the spray solution, allowed 
to stand at room temperature for 5 min and then heated to 120 °C for 10 min before 
examination. 1,2-Dihydroxybenzene derivatives yield yellow zones, 1,3-dihydroxy- 
benzene derivatives purple zones and vicinal trihydroxybenzene derivatives brown chro¬ 
matogram zones on an almost colorless background [1]. The zones fluoresce under 
long-wavelength UV light (A = 365 nm) [2]; a-resorcinic acid with a peach color, 
flavonoids and phloroglucinol with a yellowish-red color [1], 

Note: Monohydroxybenzene derivatives and vicinal hydroxymethoxybenzene deriva¬ 
tives do not react under these conditions but can be made visible by spraying afterwards 
with Folin-Ciocalteu’s reagent [1]. Flavonoids, anthraquinone derivatives and a- 
nitroso-B-naphthol yield a red color with alkalis alone [1], Steroids and aromatic 
amines do not react [1], 

The fluorescence of the chromatogram zones of some phenols can be increased by 
a factor of 2 and stabilized by dipping the chromatogram in liquid paraffin - n-hexane 
(1 + 2 ) [ 2 ], 

The visual detection limits for polyphenols and flavonoids are 0.2 to 1 pg substance 
per chromatogram zone [1]. The photometric detection limits are appreciably lower (see 
“Procedure Tested”). 

The reagent can be used on silica gel, kieselguhr. Si 50000, NH 2 and cellulose layers. 


Procedure Tested 

Dihydroxybenzenes [2, 3] 

Method Ascending, one-dimensional development in a trough cham 

without chamber saturation. 

Layer HPTLC plates NH 2 F 254s (Merck). 

Mobile phase Toluene — ethyl acetate - ethanol (20+10+10). 

Migration distance 6 cm 

Running time 15 min 

Detection and result: The chromatogram was dried in a stream of cold air for 5 n 
Observation under short-wavelength UV light (A, = 254 nm) revealed dark zones o 
pale blue, fluorescent background. Immersion in the dipping solution for 2 s, brief < 
ing in a stream of warm air and then heating to 110-120 °C for 10 min yielded, on 
amination under long-wavelength UV light (A, = 365 nm) pale yellow (pyrocatecl 
hR f 35-40), yellow (resorcinol, hR f 45-50) and red-brown (hydroquinone, KR f 50- 
fluorescent chromatogram zones on a pale blue, fluorescent backgound. After dipf 
in liquid paraffin - n-hexane (1 + 2) the detection limits were between 50 and 10C 
substance per chromatogram zone. 

1 



Fig. 1: Fluorescence scan of a chromatogram track with 400 ng each of pyrocatechol (1), rt 
cinol (2) and hydroquinone (3) per chromatogram zone. 



182 Chloramine T-Sodium Hydroxide Reagent 

In situ quantitation: Fluorimetric evaluation was carried out under long-wavelength 
UV light with excitation at X exc = 436 nm and detection at X*, > 560 nm (Fig. 1). 
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Chloramine T- 
Trichloroacetic Acid Reagent 

(Jensen’s Reagent) 



Preparation of the Reagent 

Dipping solution Dissolve 10 g trichloroacetic acid and 0.4 g chloramine T ( 
chloro-4-methylbenzenesulfonamide sodium salt) in a mixture 
80 ml chloroform, 18 ml methanol and 2 ml water [11], 

Solution I Dissolve 3 to 5 g chloramine T in 100 ml water. 

Solution II Dissolve 25 g trichloroacetic acid in 100 ml ethanol. 
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Chloramine T-Trichloroacetic Acid Reagent 
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Spray solution 


Storage 


Substances 


Mix 10 ml solution I with 40 ml solution II immediately before 
use [1-5]. 

Other proportions, e.g. 1 + 15 [6, 10] and 2+8 [7], have also been 
recommended. 

Solution I should always be made up fresh. The dipping solution 
may be stored in the refrigerator for several days [11]. Solution II 
may be stored for longer periods. 

Chloramine T trihydrate 
Ethanol absolute 
Trichloroacetic acid 
Chloroform 
Methanol 


Reaction 


Procedure Tested 1 


Cardenolides in Lily of the Valley Extract [12] 

Method Ascending, one-dimensional development in a trough chamt 

with chamber saturation. 

Layer TLC plates Silica gel 60 F 254 (Merck). The layer was prewash 

before use by developing with chloroform — methanol (50+f 
and then drying at 110°C for 30 min. 

Mobile phase Ethyl acetate — methanol — water (81 + 11 + 8). 

Migration distance 10 cm 

Running time 25 min 


The mechanism of the reaction has not been elucidated. 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the dipping solution for 1 to 2 s or homogeneously sprayed with the spray solution 
and then heated to 100-150°C for 5-30 min [2-7, 10, 11]. 

Digitalis glycosides yield yellow or blue fluorescent chromatogram zones on a dark 
background when examined under long-wavelength UV light (X = 365 nm) [1, 4, 5-7]. 

Note: If the mobile phases contains formamide the chromatograms should be freed 
from it by heating to 130-140 °C in the drying cupboard for 1 h before applying the 
reagent [6]. 

The detection limits for digitalis glycosides are 12-50 ng substance per chromato¬ 
gram zone [2, 8]. 

The reagent can, for instance, be used on silica gel, kieselguhr. Si 50000, cellulose 
and RP layers. 



Fig. 1: Chromatogram of a lily of the valley extract - left before and right after treatment w 
Jensen’s reagent, photographed in long-wavelength UV light (X = 365 nm) [13]. 
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Detection and result: The dried chromatogram was half covered with a glass plate in 
the direction of development and the other half was homogeneously sprayed with the 
spray solution. The glass plate was then removed and the whole chromatogram heated 
to 120 °C for 5-10 min, allowed to cool to room temperature and examined under 
long-wavelength UV light (A. = 365 nm). 

In Fig. 1 it can be seen that the reagent applied to the right-hand side of the chro¬ 
matogram has, on the one hand, intensified the fluorescent zones of the cardenolides, 
but that there are, on the other hand, other substance zones whose fluorescence, com¬ 
pared with the natural fluorescence on the left-hand side of the chromatogram, has 
been weakened appreciably on treatment with the reagent. The reagent is not suitable 
for in situ quantitation. 



Fig. 2: Fluorescence scan of a chromatogram track with 500 ng each digoxin (1) and digitoxin | 
after treatment of the chromatogram with reagent and paraffin oil solution. 


Procedure Tested 2 


References 


Digitalis Glycosides [14] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

HPTLC plates Silica gel 60 F 254 with concentration zone (Riedel 
De Haen, Merck). 

Acetone — dichloromethane (60 + 40). 

5 cm 

8 min 


Detection and result: The dried chromatogram was immersed in the dipping solution 
for 2 s and heated to 110°C for 10 min. Observation in long-wavelength UV light re¬ 
vealed fluorescent zones for digoxin (h/? f 30-35) blue and digitoxin (h/? f 40-45) 
yellow. 

The fluorescence can be stabilized and enhanced by ca. 20% by dipping in a solution 
of liquid paraffin — n-hexane (1 + 2) for 2 s. The detection limits after dipping in the 
paraffin solution are 50 ng substance per chromatogram zone. 


[1] Winsauer, K., Buchberger, W.: Chromatographia 1981, 14, 623-625. 

[2] Bloch, D. E.: J. Assoc. Off. Anal. Chem. 1980, 63, 707-708. 

[3] Sabatka, J. J., Brent, D. A., Murphy, J., Charles, J., Vance, J., Gault, M. H.: J. Ckromato 
1976, 125, 523-525. 

[4] Kibbe, A. H., Araujo, O. E.: J. Pharmac. Sci. 1973, 62, 1703-1704. 

[5] E. Merck, Company brochure Dyeing Reagents for Thin-layer and Paper Chromatogmp 
Darmstadt 1980. 

[6] Czerwek, H., Hardebeck, K., Kaiser, F., Schaumann, W., Wolfahrth-Ribbentrop, A.: A 
neim. Forsch. 1971, 21, 231-234. 

[7] Pachaly, P.: Dunnschicht-Chromatographie in der Apotheke, 2. Aufl., Wissenschaftlii 
Verlagsgesellschaft, Stuttgart 1983, 188. 

[8] Lutz, U.: Osterr. Apoth. Ztg. 1971, 25, 250. 

[9] Balbaa, S. I., Hilal, S. H„ Haggag, M. Y.: Planta Med. 1971, 20, 54-59. 

[10] Kriiger, D., Wichtl, M.: Dtsch. Apoth. Ztg. 1985, 125, 55-57. 

[11] Horvath, P., Szepesi, G., Hoznek, M., Vegh, V., Mincsovics, E.: Proc. Int. Symp. Instn 
High Perform. Thin-Layer Chromatogr. (HPTLC), 2nd, Interlaken 1982, 295-304. 

[12] Hahn-Deinstrop, E.: Privatmitteilung, Heumann-Pharma, Abt. Entwicklungsanalyi 
HeideloffstraBe 18-28, D-90478 NOrnberg 1, 1990. 

[13] Hahn-Deinstrop, E.: GIT Fachz. Lab. Supplement 3 „Chromatographie" 1989, 29-31. 

[14] Ganz, J., Jork, H.: Private communication, Universitat des Saarlandes, SaarbrUcken, IS 


In situ quantitation: The fluorimetric evaluation was carried out under long-wave- 
length UV light at X aQ = 365 nm and the fluorescence emission was measured at A n 
>400 nm (cut off filter K 400) (Fig. 2). 



p-Chloranil Reagent 


Reagent for: 


• Aromatic amines [1] 

eg. aniline, diphenylamine, anisidine 

• Alkaloids [2, 6] 

e.g. ephedrine, emetine, cephaeline, cytisine, 
coniine, y-coniceine, anabasine, brucine, 
symphytine, harmaline, berberine, reserpine, 
papaverine, morphine 

• te/7-N-Ethyl derivatives 
e.g. local anesthetics 

such as procaine, lidocaine, tolycaine [7] 

• Phenothiazines 

eg. phenothiazine, promazine, promethazine [8] 

• Benzodiazepines 

e. g. chlordiazepoxide, diazepam, prazepam [2] 

• Steroids 

e.g. 17P-estradiol, dienestrol, estrone, 

stilbestrol, 2a-xanthatocholestan-3-one [9] 

• Antibiotics 

e.g. penicillins [10] 

such as ampicillin, amoxycillin, cloxacillin, 
pivampicillin, oxacillin, nafcillin 

• Diuretics 

e.g. acetazolamide, ethoxolamide, quinethazone, 
furosemide benzthiazide methazolamide [11] 

• Antidiabetics [11] 
eg. gliclazide [11] 


c 6 ci 4 o 2 

M r = 245.88 


p-Chloranil Reagent 


Preparation of the Reagent 

Dipping solution Dissolve 0.5 g p-chloranil in 90 ml ethyl acetate, cautiously m 
up to 100 ml with 10 ml sulfuric acid (ca. 96%) and homoge] 
for 5 min in the ultrasonic bath or by vigorous shaking. 

Spray solution I For alkaloids, phenothiazines, penicillins, diuretics, tert 

aliphatic amines and steroids: Dissolve 200 mg to 1 g p-chlor 
in 100 ml dioxan, acetonitrile or toluene [2-11]. 

Spray solution II For aromatic amines: Dissolve 200 mg p-chloranil in 10C 
chlorobenzene [1]. 

Spray solution III For sec. amines: Dissolve 100 mg p-chloranil in 100 ml dioxai 
acetonitrile [2]. 

Storage The reagent solutions may be stored in the refrigerator for at 1 

one week [2], 

Substances p-Chloranil 

Ethyl acetate 
Sulfuric acid (95-97%) 

Acetonitrile 

Acetaldehyde 

Dioxan 

Toluene 

Chlorobenzene 


Reaction 


Secondary amines react at room temperature with acetaldehyde and p-chloranil acc< 
ing to the following scheme to yield intensely blue-colored dialkylaminovinylquin 


derivatives [2]: 


/ ^ Chloranil 

ch 3 cho + hn^ —~ CH 2 =CH-N^ — (I ^p 

R h 2° r' Ml - 1 C 1 


o 

Ck A s cl 


CH=CH-1SL 


Dialkylaminovinylquinone derivative 
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p-Chloranil Reagent 


In the case of tertiary N-ethylamine derivatives the N-ethyl group is first selectively oxi¬ 
dized by p-chloranil to an enamino group which then condenses with excess p-chloranil 
to a blue aminovinylquinone derivative [7]. Secondary N-ethyl derivatives do not yield 
blue aminovinylquinone derivatives; they probably react directly with chloranil by 
nucleophilic attack at one of the four chlorine atoms to yield aminoquinones of other 
colors [7], It has also been suggested that some classes of substances react to yield 
charge transfer complexes [1, 5, 8, 12]. 


Sec. “amine alkaloids” yield blue-colored chromatogram zones on a colorless to p 
yellow backgound at room temperature [2], Aromatic amines, phenothiazines, steroi 
diuretics and penicillins yield yellow, orange or reddish-brown to purple chromatogr 
zones at room temi>erature [1, 8-11]. On heating tertiary N-ethyl derivatives also yi 
blue-colored chromatogram zones, this time on a pale yellow background [7]. Ot 
N-containing pharmaceuticals, e.g. some benzodiazepines, yield grey, brown or \ 
let-brown zones on heating [7]. 


Cl. 

Cl 


O 


O 


+ ch 3 ch,n^ 
Cl 


R 

R' 



CH 2 =CH-N^ 


R 

R' 


Chloranil Dialkylethyl- 
amine 


Dialkylvinyl- 

amine 



Chloranil Dialkylvinylamine Dialkylaminovinylquinone 

derivative 


In the case of aromatic amines there is an initial nucleophilic substitution catalyzed by 
the silanol groups of the silica gel layer to yield arylaminobenzoquinone derivatives, 
that undergoe oxidative cyclization to the corresponding dioxazines [1], 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, then im¬ 
mersed in the dipping solution for 2 s or homogeneously sprayed with the appropriate 
spray solution. Then, in the case of N-ethyl derivatives, the plate is heated to 105-110 °C 
for 2 min to accelerate the reaction [7]. Heating (e. g. to 80-105 °C for 15 min) can also 
lead to color intensification and color change in the case of other alkaloids [5, 6]. 


Note: It is reported that the use of chlorobenzene as solvent is essential when the 
agent is to be used to detect aromatic amines [1]. In the case of steroids, penicill 
diuretics and alkaloids the reaction should be accelerated and intensified by spray 
afterwards with dimethylsulfoxide (DMSO) or dimethylformamide (DMF), indeed 1 
step makes it possible to detect some substances when this would not otherwise be p 
sible [5,9-11]; this latter treatment can, like heating, cause color changes [5,9]. Peni 
lins and diuretics only exhibit weak reactions if not treated afterwards with DMF 
11]. Steroids alone also yield colored derivatives with DMSO [9]. Treatment afterwa 
with diluted sulfuric acid (c = 2 mol/L) also leads to an improvement in detection s 
sitivity in the case of a range of alkaloids. In the case of pyrrolizidine alkaloids i 
possible to use o-chloranil as an alternative detection reagent; however, in this cas 
is recommended that the plate be treated afterwards with a solution of 2 g 4-(dimetl 
amino)-benzaldehyde and 2 ml boron trifluoride etherate in 100 ml anhydrous etha 
because otherwise the colors initially produced with o-chloranil rapidly fade [12]. 

The blue derivatives formed with the reagent by alkaloids remain stable for at 1< 
one day and usually much longer (cover the chromatogram with a glass plate) [2, 6, 
The shade of color produced can be affected by fluorescence indicators incorpora 
in the silica gel layer [7]. Tertiary amine alkaloids do not react at room temperature v 
the acetaldehyde-containing reagent [2]. 

The detection limits (substance per chromatogram zone) are 10 to 20 ng for arom 
amines [1], 100 ng for phenothiazines [8], 0.5 to 2 pg for secondary amine alkaloids 
5 to 50 pg for N-ethyl derivatives [7], 1 to 3 pg for penicillins [10], 1 to 4 pg for diure 
and 1 to 2 pg for a range of steroids [9]. There have been some reports of apprecia 
lower detection limits of 40-400 ng substance per chromatogram zone and even less 
alkaloids [6]. 

The dipping reagent can be used, for example, on silica gel, kieselguhr, Si 50( 
RP 18, NH 2 , Diol and CN layers. It is not possible to detect aromatic amines on ce 
lose layers [1]. 
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p-Chloranil Reagent 


Procedure Tested 


Opium Alkaloids [13] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Acetone - toluene - ethanol - ammonia solution (25%) 

(40+ 40+ 6+ 2). 

Migration distance 7 cm 

Running time 7 min 

Detection and result: The chromatogram was freed from mobile phase in a stream of 
warm air, immersed in the dipping solution for 2 s and then heated to 140 °C for 5 min. 
(Caution! The back of the HPTLC plate is contaminated with sulfuric acid.) 

Narceine (h/? f 1-5) yielded red-brown, morphine (h/? f 5-10), codeine (h/? f 15-20) 
and thebaine (h/? f 35-40) brown-violet, papaverine (h/? f 60-65) light brown and nar¬ 
cotine red chromatogram zones on a colorless background. Since the colors fade in the 
air it is recommended that the chromatogram be covered with a glass plate. 

After treatment with the reagent the detection limits for opium alkaloids are 
50-500 ng per chromatogram zone, this is sometimes a somewhat lower sensitivity than 
that obtained by direct measurement of the UV absorption (cf. Table 1). However, the 
color reactions provided additional specificity. 


Table 1: Comparison of the detection sensitivities 
Substance 

IP 

Narceine ; 

Morphine j 

Codeine 5 

Thebaine 2 

Papaverine 

Narcotine 5 


Detection limits (ng) 


p-Chloranil 
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In situ quantitation: Direct measurement of the UV absorption at wavelength 
X = 280 nm was preferred for quantitative in situ evaluation since the reagent treatment 
did not yield more exact results. 


4 



Fig. 1: Reflectance scan of a chromatogram track with 1 pg of each substance per chromatograt 
zone (exception: papaverine: 5 pg). Chromatogram (A) before and (B) after reagent treatmer 
(registration of B with double sensitivity): 1 = narceine, 2 = morphine, 3 = codeine, 4 = thebaini 
5 = papaverine, 6 = narcotine. 
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Chlorine-Potassium Iodide-Starch 

Reagent 


Reagent for: 

• Amino, imino, amido groups 
e.g. peptides [1-4] 

such as vasotocin analogues [5] 
e.g. phenylalkylamines 

such as chlorphentermine, cloforex [6] 
e.g. parbendazole and its metabolites [7] 
e.g. phenylbutazone, prenazone [8] 

• Phthalimide and derivatives [9] 

• Pesticides 

e.g. fungicides [10] 

such as benomyl, 2-aminobenzimidazol (2-AB), 
methyl-2-benzimidazolyl carbamate 
e.g. triazine herbicides 

such as simazine, atrazine, propazine 

prometryn, prometon, ametryn [11] 

KI (C 6 H 10 O 5 ) n 

M r = 166.01 M r » 7000 
Potassium iodide Starch 


Preparation of the Reagent 

Solution I Dissolve 3 g potassium permanganate in 100 ml water. 

Solution II Dilute 25 ml hydrochloric acid (32%) with 50 ml water. 


Chlorine-Potassium Iodide-Starch Reagent l 

Dipping solution Dissolve 250 mg potassium iodide in 25 ml water, mix with 
solution of 750 mg starch (soluble starch according to Zulko 
sky) in 25 ml water and dilute with 30 ml ethanol (99.5%) [1 

Spray solution Mix a solution of 0.5-4 g potassium iodide in 50 ml water w 
a solution of 1.5-2 g starch in 50 ml water [8] and add 20 
ethanol [9, 10]. 

Storage The spray solution should always be made up fresh [10]. 

Substances Potassium iodide 

Starch, soluble according to Zulkowsky 
Potassium permanganate 
Hydrochloric acid (32%) 

Ethanol 


Reaction 

Treatment with chlorine gas converts amines to chloramines, whose active chlorine 
idizes iodide to iodine. This then forms the well-known, deep blue iodine-starch cc 
plex [13]. 


Method 


The chromatograms are freed from mobile phase in a stream of warm air and trea 
with chlorine gas for 1-5 min, for example, by placing in the vacant trough of a tv 
trough chamber filled with 10 ml each of solution I and solution II [10]. After the 
cess chlorine has been removed (ca. 5-10 min stream of cold air) the chromatogn 
are immersed in the dipping solution for 1 s [12] or homogeneously sprayed with 
spray solution [10]. 

In general, deep blue chromatogram zones are produced immediately on a color 
background. 

Note: Instead of chlorine gas treatment the chromatograms can be exposed to bron 
vapor [8] or sprayed with bleach solution. In the case of phthalimide derivatives 
chromatograms are heated for 1 h at 180 °C before chlorine treatment [9]. The cole 
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chromatograms remain unchanged for ca. 2 to 3 hours, then they begin to darken [10, 
12]. The color of the chromatogram zones turns brown on drying; the original blue 
color can be regenerated by moistening the chromatogram with water vapor [12]. 

The starch according to Zulkowsky yields a clear solution in cold water without 
heating; this solution can be diluted with ethanol without precipitation of insolubles. 
For instance 10 ml of a 3% aqueous starch solution can be mixed with 9 ml ethanol 
(99.5%) without the precipitation of starch [12]. 

The detection limits for triazine herbicides are 10-20 ng [11, 12], for phthalimide 
derivatives 50-100 ng [9] and for fungicides 50-500 ng substance per chromatogram 
zone [10], 

The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, cellulose, 
Diol and RP layers [12]. NH 2 phases are not suitable, since the dipping solution elutes 
a brown-violet solution from the NH 2 layer, which itself remains white [12]. 

Polyamide and CN phases are not suitable either because the layer background is col¬ 
ored yellow [12]. 


Procedure Tested 


Triazines [12] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

HPTLC plates Silica gel 60 F 254 (Merck). 

Toluene — acetone (85 + 15). 

5 cm 

8 min 


Detection and result: The chromatogram was freed from mobile phase in a stream of 
warm air and placed for 1 min in a twin-trough chamber in which a chlorine gas at¬ 
mosphere had previously been generated by pouring ca. 3 ml hydrochloric acid (25%) 
over ca. 0.2 g potassium permanganate in the vacant trough. The chromatogram was 
immersed for 1 s in the dipping solution after removal of the excess chlorine (5 min 
stream of cold air). 

The triazines atraton (h7? f 15-20), cyanazin (h/? f 30-35), terbutylazin (hi? f 45-50) 
and anilazin (hi? f 70-75) immediately appear as violet-blue chromatogram zones on a 


colorless background (Fig. 1A). In order to prevent spot diffusion when the 
chromatogram is dried the TLC plate is placed on a hot plate at 50 °C and a stream 
of warm air was also directed at the layer from a fan (2 min). On drying the color of 
the chromatogram zones changes from blue-violet to brown (Fig. IB) and the whole 
layer becomes dark after a prolonged period. The original blue coloration of the 
chromatogram zones can be regenerated by moistening the layer with water vapor. 

In situ quantitation: The absorption photometric evaluation was carried out in reflec¬ 
tance at wavelength X = 550 nm (Fig. 1C). 


1 



Fig. 1: Chromatogram of triazines (A) after immersion in the dipping solution and (B) after add 
tional heating and (C) reflectance scan of a chromatogram track with 170 ng each of atraton (1 
cyanazin (2), terbutylazin (3) and anilazin (4) per chromatogram zone. 
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Chlorine-4,4'-TetramethyldiamiiiO- 
diphenylmethane Reagent 

(TDM Reagent) 


Reagent for: 

• Amino acids, amides, peptides [1] 

• Secondary amines [1, 2] 

• Phenols 

e.g. phenol, p-nitrophenol, chromotropic acid 
N-hydroxysuccinimide, pentachlorophenol [1] 

• Triazines 

e. g. atrazine, trietazine, prometryn, simazine [2] 

• Chloranils [3] 



C17H22N2 


M r = 254.38 


Preparation of the Reagent 


Solution I 

Solution II 

Solution III 
Solution IV 


Dilute 20 ml sodium hypochlorite solution (13-14% active chlo¬ 
rine) with 100 ml water [1]. 

Dissolve 2.5 g 4.4'-tetramethyldiaminodiphenylmethane (TDM, 
Michler’s base, N,N,N',N'-tetramethyl-4,4'-diaminodiphenyl 
methane) in 10 ml glacial acetic acid (yields a greenish solution; 
and make up to 100 ml with 80% 2-propanol. 

Dissolve 5 g potassium iodide in 100 ml 80% 2-propanol. 

Dissolve 300 mg ninhydrin in 10 ml glacial acetic acid and diluti 
to 100 ml with 80% 2-propanol. 
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Dipping solntion Mix solutions II and III together and add 1.5 ml solution IV. 

Storage Solutions I to IV may be stored in the refrigerator for several 

weeks. The dipping solution may be kept in the dark for 1 month 
at room temperature [1]. 

Substances Sodium hypochlorite solution 

4,4'-Tetramethyldiaminodiphenylmethane 

Potassium iodide 

Ninhydrin 

Acetic acid (100%) 

2-Propanol 


Reaction 


Presumably the active chlorine of the chloramines formed by reaction with chlorine gas 
or hypochlorite reacts with TDM in the presence of acetic acid to yield dark blue, 
mesomerically stabilized quinoid reaction products that possibly rearrange to yield 
triphenylmethane dyestuffs. 


(CH 3 ) 2 N. 


N(CH 3 ) 2 




Active chlorine {Cl + } / H + 



Phenols are probably initially oxidized to quinones, which then presumably react fur¬ 
ther to yield triphenylmethane dyestuffs. 


Method 


Yellow chromatogram zones are first formed at room temperature; the color of these 
zones generally changes to green and then to blue-black. This color change can be ac¬ 
celerated by heating or irradiating with long-wavelength UV light (A, = 365 nm) [1]; at 
the same time the background also takes on a greenish color. 

Note: The TDM reagent can be used everywhere, where o-tolidine is employed. It can 
also be used on chromatograms, that have already been treated with ninhydrin, Paui.y 
or ammonia perchlorate reagent or with iodine vapor [1], Water may be used in place 
of 80% 2-propanol when making up solutions II, III and IV. The chlorine gas atmo¬ 
sphere in the chromatography chamber can also be created by pouring 5 ml hydrochlo¬ 
ric acid (ca. 20%) onto 0.5 g potassium permanganate in a beaker; such a chlorine 
chamber is ready for use after 2 min. 

Chloranils, which are formed from polychlorine phenols by heating briefly with 
cone, nitric acid, can be detected, without chlorine treatment, with TDM reagent, fol¬ 
lowed by heating (10 min 110°C) [3], Phenols yield variously colored chromatogram 
zones (e.g. phenol: mauve, chromotropic acid: grey, 8-hydroxyquinoline: light brown, 
4-tert-butyl-pyrocatechol: red [1]). 

Before treatment with chlorine gas or hypochlorite solution, pyridine-containing mo¬ 
bile phases must be removed completely from the chromatograms, if necessary, by pro¬ 
longed drying in a stream of warm air [1]. The colored chromatograms may be stored 
for several days in the dark under cool conditions [1]. 

In the case of protected peptides, it is necessary to remove the protecting groups by 
spraying the chromatograms with cone, hydrochloric acid and then heating (20 min, 
110°C), before applying the reagent [1]. 

The detection limits for triazines are 20 ng [2] and for amino acids — with a few ex¬ 
ceptions — 0.1 to 1 pg substance per chromatogram zone [1]. In the case of peptides 
50 ng can be detected visually. 

The reagent can be used on silica gel, kieselguhr, Si 50000, aluminium oxide and cel¬ 
lulose layers. 

Warning: 4,4'-Tetramethyldiaminodiphenylmethane is thought to be carcinogenic [4]. 
Therefore, the dipping solution should be used if possible (gloves!). It is only in this 
way that it is possible to guarantee that the spray vapors do not come into contact with 
the skin or respiratory tract. 


The chromatograms are freed from mobile phase (15 min 100 °C), placed in the empty 
chamber of a twin-trough chamber containing 20 ml solution I (chlorine chamber) for 
1 min or homogeneously sprayed with solution I until the layer begins to be transpar¬ 
ent. They are then freed from excess chlorine in a stream of warm air for 30 min and 
immersed in the dipping solution for 3 s or sprayed homogeneously with it. 
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Procedure Tested 


References 


Triazines [5] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer TLC plates Silica gel 60 F 2S4 (Riedel De Haen) 

Mobile phase Cyclohexane — dichloromethane — dioxan — tetrahydrofuran 
(80+10+5 + 5). 

Migration distance 7 cm 

Running time 20-25 min 

Detection and result: The chromatogram was freed from mobile phase and placed in 
an atmosphere of chlorine gas (twin-trough chamber, containing 20 ml solution I in the 
second chamber) for 1 min. Then the excess chlorine was removed (30 min stream of 
warm air), the treated chromatogram immersed in the dipping solution for 3 s and 
dried on a hotplate (60-70 °C). 

Depending on the duration of heating yellow-green to dark green chromatogram 
zones were produced on a weakly colored background. The detection limits of the 
triazine herbicides cyanazine (h/? f 25-30), simazine (h/? f 30-35), atrazine (h/? f 40-45), 
terbutylazine (h/? f 45-50) and anilazine (h/? f 60-65) were 20 ng substance per chro¬ 
matogram zone. 

In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at X = 353 nm (Fig. 1). 
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Fig. 1: Reflectance scan of a chromatogram track with 100 ng each of 1 = cyanazine, 2 = simazine, 
3 = atrazine, 4 = terbutylazine, 5 = anilazine per chromatogram zone. 



Chlorine - o -Tolidine - 
Potassium Iodide Reagent 

(Reindel-Hoppe Reagent) 


Reagent for: 


• Compounds that can be converted to chloramines [1-4] 
e.g. amino acids, peptides, proteins and derivatives [5-13] 

such as cyclochlorotin, simatoxin [14] 
aspartic acid derivatives [15] 
carbobenzoxyamino acids [16] 
caprolactam oligomers [17] 
phenyl carbamate herbicides 
such as chloropropham [18, 19] 
urea and urea derivatives [20, 21] 
carbamide derivatives [10] 

• Pesticides 

• Triazines and their hydroxy derivatives [22, 23] 
e.g. atrazine, simazine [18, 19, 24] 

metribuzine [25] 
prometryn [18, 24, 26, 27] 

• Vitamins [28-30] 

e.g. vitamins B,, B 2 , B 6 , nicotinamide, panthenol 

• Pharmaceuticals 

eg. sulfonylurea derivatives [31, 32] 

meprobamate, barbiturates [33] H 3 C , j- 

sulfonamides [34] H 2 N—\ _ \S 

central stimulants [35] ' =/ 

c 14 h 16 n 2 

M r = 212.30 
o-Tolidine 
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Preparation of the Reagent 

Solution I Dissolve 0.5 g o-tolidine (3,3'- dimethylbenzidine) in 5 ml acetii 

acid (100%) and make up to 250 ml with water or 80°/i 
2-propanol [26, 27]. 

Solution II Dissolve 2 g potassium iodide in 10 ml water. 

Dipping solution Combine solutions I and II and make up to 500 ml with water o 
80% 2-propanol [26, 27]. 

Spray solution Dissolve 160 mg o-tolidine in 30 ml glacial acetic acid and mak 
up to 500 ml with water; dissolve 1 g potassium iodide in this so 
lution [4, 14, 16, 17, 28-30], 

Storage Dipping and spray solutions may be stored in the refrigerator fo 

1 week [24, 27], 

Substances o-Tolidine 

Potassium iodide 
Potassium permanganate 
Hydrochloric acid (32%) 

Acetic acid (100%) 

2-Propanol 


Reaction 

The action of chlorine gas produces, for example, chloramine derivatives from herbi 
cides, amino acids, peptides and proteins; the active chlorine of these derivatives the 



Diphenoquinondimine radical 
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oxidizes o-tolidine in the presence of acetic acid and potassium iodide to produce a 
deep blue dyestuff (diphenoquinonediimine radical) [1], that exhibits semiquinonoid 
character [2], The active chlorine possibly also reacts with the potassium iodide to liber¬ 
ate iodine which is capable of complex formation with the semiquinonoid reaction 
product, thus deepening its color. 


Method 


The detection limit is 1 ppm for cyclochlorotin and 12-100 ng substance per chro¬ 
matogram zone for triazines [18, 19, 25-27]. 

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000 and cellulose 
layers. 

Caution: o-Tolidine is very toxic and possibly carcinogenic! For this reason the dipping 
method should be preferred. This is the only way to ensure that the spray mist does not 
reach the respiratory tract or skin. 


The chromatogram is freed from mobile phase in a stream of cold air and then exposed 
to an atmosphere of chlorine gas for 30 s — 1 h. This chlorine gas can be generated 
in a trough chamber by pouring 5 ml ca. 20170 hydrochloric acid onto 0.5 g potassium 
permanganate placed in a beaker; the chlorine gas chamber is ready for use after ca. 
2 minutes. 

The chromatogram is then completely freed from excess chlorine in a stream of warm 
air for 30 min, immersed in the dipping solution for 3 s or homogeneously sprayed with 
the spray solution and dried for 5 min in a stream of warm air [26]. 

Usually blue-grey colored chromatogram zones are produced on a colorless [19, 24, 
25] to pale grey background [26]; cyclochlorotin and simatoxin yield brilliant yellow 
zones [14] and urea derivatives yellow, green or blue colors [21]. 

Note: The dipping solution can also be used as a spray reagent. The quantitative scan 
should not be delayed for more than 1 h since the background begins to darken after 
this [26]. The chromatogram should not be completely freed from water before expo¬ 
sure to chlorine gas [2], moistening in water vapor has even been suggested [1, 16]. The 
chromatogram should first only be sprayed or dipped in the reagent at one corner. If 
the background becomes blue this is a sign that traces of chlorine gas are still present; 
in such cases the chromatogram should be exposed to air for longer after treatment with 
chlorine gas [16, 24, 28-30], 

Instead of exposing the chromatogram to chlorine gas it can be dipped in a solution 
of chlorine in carbon tetrachloride [24] or, in some instances, pretreated with sodium 
hypochlorite [4] or ferf-butyl hypochlorite solution [8], Treatment with chlorine gas is 
not necessary for chloramines; here the chromatogram can be treated with the spray 
solution immediately after development and drying [36]. A modified reagent includes 
sodium tungstate solution in making up the spray solution [20], In some cases the col¬ 
ored zones fade within a few minutes [24], An additional treatment with 1% ammo¬ 
nium molybdate in acetic acid (c = 1 mol/L) stabilizes the colored zones [1], A series 
of chlorinated pesticides and biphenylenes can be detected with o-tolidine followed by 
exposure to light (see o-tolidine - UV light reagent). 


Procedure Tested 


Triazines [26, 27] 


Method 


Ascending, one-dimensional development in a trough chambei 
without chamber saturation. 


Layer HPTLC plates Silica gel 60 F 254 (Merck, Riedel-de-Haen); be¬ 

fore application of the samples the layer is immersed ir 
2-propanol for 12 hours (preferably overnight) for purificatior 
purposes and then activated on a hot plate for 60 min at 110°C 

Mobile phase 1. n-Pentane — chloroform — acetonitrile (50+ 40+10) (Fig. 1) 

2. Cyclohexane — dichloromethane — dioxan — tetrahydrofurar 
(80+10+5+5) (Fig. 2). 


Migration distance 5-7 cm 
Running time 20 — 25 min 


Detection and result: The chromatogram was freed from mobile phase for 5 min in ; 
stream of cold air and then for 15 min on a hot plate (Thermoplate desaga) at 60 °C 
It was then exposed for 30 s to an atmosphere of chlorine gas, that had been generatec 
in a twin trough chamber by pouring 5 ml hydrochloric acid (ca. 20%) onto 0.5 g po 
tassium permanganate placed in one of the troughs (waiting time 2-5 min after the acic 
had been poured onto the potassium permanganate). The chromatogram was then freer 
from excess chlorine for 30 min in a stream of warm air, immersed in the dipping solu 
tion for 3 s and dried for 5 min in a stream of warm air. 

The substances aziprotryn (hR f 80-85), dipropretryn (h/? f 70-75), prometryn (hR 
65-70), ametryn (hi? f 55-60), desmetryn (hR f 40-45) and methoprotryn (hi? f 30-35 
separated using mobile phase 1 and the components terbutylazine (hi? f 45-50), at 
razine (hi? f 35-40), simazine (hi? f 30-35) and cyanazine (hi? f 20-25) chromato 
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graphed with mobile phase 2 all yielded blue-grey chromatogram zones on a pale grey 
background. Anilazine (hi? f 60-65, mob. ph. 1) did not produce a color, but it could 
be quantified well without reagent treatment at X, = 223 nm. 

Note: Since the plate background begins to darken after 1 h it is necessary to carry out 
quantitation within this time. 

The detection limits for triazines are in the range 10-20 ng substance per chromato¬ 
gram zone. 

In situ quantitation: The absorption photometric measurement in reflectance was car¬ 
ried out at a mean wavelength of X = 650 nm (Fig. 1) and 495 nm (Fig. 2). 


1 
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Fig. 2 


Fig. 1: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zone: 
1 = methoprotryn, 2 = desmetryn, 3 = ametryn, 4 = prometryn, 5 = dipropretryn, 6 = aziprotryn 

Fig. 2: Reflectance scan of a chromatogram track with 100 ng substance per chromatogram zone: 
1 = cyanazine, 2 = simazine, 3 = atrazine, 4 = terbutylazine, 5 = anilazine 
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Preparation of the Reagent 


Dipping solution Dissolve 2.5 ml o-toluidine in a mixture of 45 ml diethyl ether 
and 5 ml glacial acetic acid [7]. 

Spray solution Dissolve 5 g o-toluidine in 100 ml glacial acetic acid [1, 2]. 

Storage The reagent solutions may be stored for several weeks [1]. 

Substances o-Toluidine 

Acetic acid (100%) 

Potassium permanganate 
Hydrochloric acid (25%) 

Diethyl ether 


Chlorine-o-Toluidine Reagent 
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Reaction 


Peptides, for example, yield chloramine derivatives on exposure to chlorine gas; the 
derivatives oxidize o-toluidine to a blue semiquinonoid dyestuff in the presence 
acetic acid. 


Method 


The chromatograms are freed from mobile phase and then treated for 5-10 min wi 
chlorine gas. This can be produced in the vacant trough of a twin-trough chamber 1 
pouring 5 ml hydrochloric acid (ca. 20%) over 0.5 g potassium permanganate. Aft 
the excess chlorine has been removed the TLC plates are immersed in the dipping sol 
tion for 1 s or homogeneously sprayed with the spray solution and laid out in the a 
Yellow, green, gray or blue chromatogram zones are produced on a colork 
background [1, 2, 7]. 

Note: Chloramines do not require exposure to chlorine gas before application 
o-toluidine. A range of halogen-containing substances (e.g. bromazine, hexachlor 
cyclohexane isomers) can be detected with o-toluidine (1 % in ethanol) after subseque 
irradiation with UV light (X = 254 or 366 nm; 10-15 min) [1, 8], 

The detection limits for triazines are 300 ng [7] and for urea formaldehyde reactii 
products they are 1 to 5 pg substance per chromatogram zone [1]. 

The reagent can be used on silica gel, kieselguhr and Si 50000 layers. RP, CN, Di( 
NH 2 and cellulose layers are not suitable. Amino layers, for example, turn yellc 
under influence of the reagent [7], 

Warning: o-Toluidine is highly poisonous and possibly carcinogenic! Therefore, t 
dipping solution should be employed if possible. This is the only way to ensure th 
spray vapor is kept away from the respiratory tract or skin. 
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Cyanazin (h/? f 5-10) appeared as gray, terbutylazin (h R f 20-25) as violet and 
anilazin (W? f 35-40) as pale blue chromatogram zones (Fig. 1). The intensity of the 
spots increased during one hour but did not change thereafter. The detection limits for 
all three substances were 300 ng per chromatogram zone. These amounts could also 
readily be detected visually. 



1 2 3 4 5 


Fig. 1: Thin-layer chromatogram of triazines (amount applied: 4 pg each substance per 
chromatogram zone) Tracks 1 and 5 = mixture. Track 2 = cyanazin. Track 3 = terbutylazin. Track 
4 = anilazin. 
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Procedure Tested 

Triazines [7] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer TLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Cyclohexane — dichloromethane — tetrahydrofuran - dioxane 
(80+10+5 + 5). 

Migration distance 7 cm 

Running time 14 min 

Detection and result: The chromatogram was freed from mobile phase in a stream of 
warm air and nlarprl for 5 min in a twin-trnueh chamber in which a chlorine gas at- 
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In situ quantitation: Absorption photometric evaluation in reflectance was carried out 
at wavelength \= 650 nm (Fig. 2). 
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Copper(II) Sulfate- 
Sodium Citrate Reagent 

(Benedict’s Reagent) 


Reagent for: 



• Reducing sugars [1] 

• Flavonoids [2-5] 

• Cumarins [4] 


Na+ °y° 

o--^ ohVo- 



Na + ° ° Na + 


CuS0 4 • 5H 2 0 

C 6 H 5 Na 3 0 7 • 2H 2 0 


M r = 249.68 

M r = 294.10 


Copper sulfate 

Sodium citrate 


Preparation 

of the Reagent 

Solution I 

Dissolve 17.3 g copper(II) sulfate pentahydrate in 100 ml water. 

Solution II 

Dissolve 173 g tri -sodium citrate dihydrate and 270 g sodium car¬ 
bonate decahydrate in 600 ml water. 

Dipping solution 

Slowly add solution I to solution II with stirring and make up to 
1 L with water [1], 

Storage 

The dipping solution can be stored for several weeks at room tem¬ 
perature. 

Substances 

Copper(II) sulfate pentahydrate 
//7-Sodium citrate dihydrate 

Sodium carbonate decahydrate 


Reaction 


Reducing sugars convert copper(II) salts to red copper(I) oxide. Evidently the phenoli 
OH groups of many flavonoids and cumarins are also capable of reducing copper(II) 
probably leading to strongly fluorescent quinoid systems. Substances with ortho 
phenolic OH-groups have their natural fluorescence reduced, those with isolated OH 
groups have this enhanced [6]. 


Method 


After development the chromatogram is freed from mobile phase in a stream of warn 
air, immersed in the dipping solution for 1 s or homogeneously sprayed with it, driei 
for 5 min in a stream of cold air and, in the case of flavonoids and cumarins, is immedi 
ately examined under long-wavelength UV light (X = 365 nm) [7], Reducing sugars ar 
detected by heating to 105 °C for 30 min after dipping or spraying [1], 

When examined under long-wavelength UV light (X = 365 nm) cumarins yield ligh 
blue [7] and flavonoids yellow-green [2, 3] fluorescent chromatogram zones on a dar 
background. Reducing sugars yield brilliant orange-colored zones on a colorless to pal 
beige background. 

Note: The dipping solution can also be used as a spray solution [7]. Chromatogram 
of natural product extracts should always be examined under UV light before usin 
Benedict’s reagent, since some natural fluorescences are reduced to a greater or lesse 
degree by the reagent. 

The detection limits for cumarins are 5 ng substance per chromatogram zone [7' 
They can be appreciably lowered by dipping the mobile phase-free chromatogram in 
solution of liquid paraffin — n-hexane (1+9) [8], 

The reagent can be used on silica gel, kieselguhr, Si 50000, cellulose and polyamid 
layers. 




216 


Copper(II) Sulfate-Sodium Citrate Reagent 


Copper(II) Sulfate-Sodium Citrate Reagent 


21 


Procedure Tested 


Cumarins in Plant Extracts [7, 8] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck); before application of 

the samples the layer was developed with methanol to precleanse 
it and then dried at 110°C for 30 min. 

Mobile phase Acetone — water — ammonia solution (25%) (90+7 + 3). 
Migration distance 7.5 cm 
Running time 17 min 

Detection and result: The chromatogram was dried in a stream of warm air. Blood-red 
fluorescent chlorophyll zones were visible in the region of the solvent front. In the case 
of Orthosiphon leaf extract there was an intense pale blue fluorescent sinensetin zone 
(h/? f 90-95) immediately below this, followed by a series of usually weaker blue fluo¬ 
rescent zones extending right down to the start zone (Fig. 1A). 

After application of Benedict’s reagent (dipping time: 3.5 s; 5 min drying in a 
stream of warm air) the fluorescence intensity of many of the chromatogram zones is 
appreciably reduced. At the same time the fluorescence of other zones is increased 
(Fig. 2), so that in stinging nettle extract, for instance, the scopoletin zone (h/? f 48-53) 
fluoresced most strongly (Figure IB). Dipping for 3 s in liquid paraffin - n-hexane 
(1+9) followed by drying in a stream of cold air caused the fluorescence intensity to 
increase by a factor of 2. 

Note: Allowing the sprayed chromatograms to stand for a longer time and, in particu¬ 
lar, exposing them to heat, reduces the intensity of the fluorescence of the chromato¬ 
gram zones. 

In situ quantitation: The fading of the fluorescence on exposure to heat and on allow¬ 
ing the chromatograms to stand makes this reagent unsuitable for in situ quantitation. 
Dipping the chromatograms in paraffin solution does not improve this (Fig. 2). 



12 3 4 


B 


12 3 4 

Fig. 1: Chromatograms of two natural product extracts and associated reference substances A. 1 
fore and B. after application of Benedict’s reagent. 

Track 1: sinensetin (h/f f 90-95), scopoletin (h/? f 50-55); track 2: Extr. Urticae (extract of stii 
ing nettle leaves); track 3: Orthosiphon extract; track 4: mixture of stinging nettle and ( 
thosiphon extracts. 
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Fig. 2: Increase in fluorescence of the genuine fluorescence (A) by treatment with Benedict’s re¬ 
agent (B) and immersion in a paraffin solution (C) and reduction of emission intensities with time 
for the two cumarins umbelliferone and scopoletin (curves). 
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Preparation of the Reagent 

Dipping solution I Dissolve 2 to 5 g sodium carbonate in 50 ml water and make l 
to 100 ml with methanol [6]. 

Dipping solution II Dissolve 100 mg dansyl chloride (5-(dimethylamino)-naphth 
lene-l-sulfonyl chloride) in 100 ml ethanol [6]. 

Spray solution Dissolve 50 mg dansyl chloride in 100 ml acetone [3-5]. 

Storage Dipping solution I can be stored for a longer period. Dipping s 

lution II and the spray solution should be made up fresh dai 
and protected from light. 

Substances 5-(Dimethylamino)-naphthalene-l-sulfonyl chloride 

Sodium carbonate, anhydrous 
Methanol 
Ethanol (96%) 
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Reaction 


Dansyl chloride that exhibits a blue intrinsic fluorescence, reacts with many amines and 
phenols to yield derivatives with fluorescence of another color. 


h 3 c n x ch 3 h 3 c n / CH 3 

N N 



o=s=o 0 = S—o 

I I 

Cl N n 

R, R 2 


Method 

The chromatogram is freed from mobile phase, immersed in dipping solution I for 1 s 
or sprayed homogeneously with it, dried in a stream of warm air and immersed immedi¬ 
ately after cooling for 1 s in dipping solution II or sprayed homogeneously with the 
spray solution and then heated to 110°C for 2 min. 

Under long-wavelength UV light (X. = 365 nm) yellow-orange fluorescent chromato¬ 
gram zones are observed on a pale light-blue fluorescent background. 

Note: Tertiary amines do not react with dansyl chloride and can be detected by spraying 
afterwards with Wagner’s reagent [1], The detection limits for amines are in the lower 
nanogram range. 

The reagent can be used on silica gel, kieselguhr, Si 50000, aluminium oxide and RP 
layers; amino phases are unsuitable. 


Procedure Tested 

Biogenic Amines [6] 


Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase Ethyl acetate - 1-propanol - ammonia solution (251/ 
(12+9+3). 

Migration distance 6 cm 
Running time 20 min 

Detection and result: The chromatogram was freed from mobile phase (the ammon 
must be removed completely) and immersed in dipping solution I for 1 s, dried in 
stream of warm air for 2 min and immersed immediately after cooling in dipping soli 
tion II for 1 s and then heated to 110°C for 2 min. 

Phenylethylamine (h R { 60-65), tyramine (hR, 45-50), serotonin (hR f 35-40) ar 
histamine (hR f 20-25) yielded yellow-orange fluorescent zones on a pale light-blue fli 
orescent background under long-wavelength UV light (X = 365 nm). 


3 



Fig. 1: Fluorescence scan of a chromatogram track with a mixture of biogenic amines with 1 1 
substance per chromatogram zone: 1 = histamine, 2 = serotonin, 3 = tyramine, 4 = phenylethj 

amine. 


Method 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 
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In situ quantitation: The fluorimetric quantitation was carried out in long-wavelength 
UV light at = 365 nm and X. n > 560 nm (Fig. 1). 

It is not recommended that the chromatogram then be treated with liquid paraffin 
— n-hexane (1 + 4) since the intensity of the pale light blue fluorescent background is 
also increased, so that the difference in emission of the chromatogram zones is reduced. 
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Dimedone-Phosphoric Acid Reagent 


Reagent for: 


• Ketosugars [1-4] 

e.g. fructose, sucrose, raffinose, lactose 

• Aryl- and heteroarylpropionic acids 
e.g. flurbiprofen, ketoprofen [5] 


H ' c rf 

H ’ C M> 


c 8 H 12 o 2 

h 3 po 4 

M r = 140.18 

M r = 98.00 

Dimedone 

Phosphoric acid 


Preparation of the Reagent 


Dipping solution 

Storage 

Substances 


Dissolve 0.3 g dimedone (5,5-dimethylcyclohexane-1.3-dione) i 
90 ml ethanol and mix with 10 ml or/ho-phosphoric acid (85 °7i 
U, 5]. 

The dipping solution may be stored for an extended period. 

Dimedone 

Ethanol 

ort/io-Phosphoric acid (85%) 
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Dimedone-Phosphoric Acid Reagent 


22 : 


Reaction Procedure Tested 


Dimedone reacts with carbonyl compounds with the elimination of water yielding the 
condensation product [1], The reaction is specific for ketoses; aldoses do not react or 
only weakly [6], 



Dimedone Carbonyl Condensation 

compound product 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the dipping solution for 4 s or homogeneously sprayed with it until the layer begins 
to be transparent and then heated to 110°C for 15 to 20 min, after briefly drying in a 
stream of cold air. 

Yellow chromatogram zones are formed on a colorless background; these zones 
mostly fluoresce blue when excited with long-wavelength UV light (A, = 365 nm). 

Note; In the case of aryl- and heteroarylpropionic acids the chromatograms are irradi¬ 
ated with unfiltered UV light for 30 min before application of the reagent [5], The 
chromatograms can then be immersed in a solution of liquid paraffin - n-hexane 
(1+2) in order to stabilize and enhance the fluorescence [5]. 

The detection limits for aryl- and heteroarylpropionic acids are in the lower nano¬ 
gram range [5, 7], In the case of ketosugars 10-40 ng substance can be detected per 
chromatogram zone [1]. 

The reagent can, for instance, be used on silica gel, kieselguhr and Si 50000 layers. 


Flurbiprofen and Ketoprofen [5] 

Method Ascending, one-dimensional development in a trough chambe 

without filter paper lining. The development was commence! 
30 min after charging the chamber with 5 ml mobile phase. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase n-Hexane - diethyl ether - 1-butanol - ethyl acetat 
(65 + 15 + 11+9). 

Migration distance 6 cm 

Running time 20 min 

Detection and result: The chromatogram was freed from mobile phase for 10 min it 
a stream of cold air, irradiated for 30 min with unfiltered UV light, then immersed it 
the dipping solution for 4 s and finally heated to 110°C for 15 min. The chromatogran 


2 



Fig- t: Fluorescence scan of a chromatogram track with 500 ng each substance per chromatogran 
zone: 1 = ketoprofen, 2 = flurbiprofen. 
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was then immersed in a solution of liquid paraffin — n-hexane (1+2) for 2 s in order 
to stabilize and enhance the fluorescence by a factor of about 2. 

On excitation with long-wavelength UV light (X = 365 nm) ketoprofen (hr f 35-40) 
and flurbiprofen (h/? f 50-55) appeared as yellow or blue fluorescent chromatogram 
zones on a pale blue fluorescent background. The detection limits of, for instance, flur¬ 
biprofen were 10 ng subtance per chromatogram zone. 

In sitn quantitation: The fluorimetric evaluation was carried out under long-wave¬ 
length UV light at X ac = 313 nm and the fluorescence emission was measured at 
Xf| > 390 nm (cut off filter FL 39). 
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N,N-Dimethyl-1,4- 
phenylenediamine Reagent 

(Wurster’s Red Reagent) 


Reagent for: 


• Peroxides 

e.g. alkyl hydroperoxides and their esters, 

dialkyl and diacyl peroxides, ketone peroxides [2] 
cumol hydroperoxide [2, 3] 
nonanoyl peroxide, lert-butyl perbenzoate [3] 
sterol hydroperoxides [4] 
linoleic acid hydroperoxides [5] 
pregnen-17a-hydroperoxides [6] 

• Halogen-containing substances 

e. g. chlorine-containing insecticides [1, 7] 
such as aldrin, dieldrin, DDT, perthane, 

hexachlorocyclohexane, methoxychlor [7] 
e.g. bromine-containing hypnotics [1] 
e.g. antimicrobials 

such as triclosan (Irgasan) [8] 

• Steroids [4] 

e.g. A 4 - and A 5 -3-ketosteroids, A 4 -ketosteroid-a-ketols 
cho]est-5-en-3J3,7a(or 7(3)-diol 

• Triazines [9, 10] 


H 3 C 
\ + 

Cl HN-^ x )-NH 3 Cl 
H 3 C 


+hQ>-nh 

c 8 h 14 ci 2 n 2 


M r = 209.12 
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N,N-Dimethyl-l,4-phenylenediamine Reagent 


2 : 


Preparation of the Reagent Method 


Dissolve 1 g N,N-dimethyl-l,4-phenylenediammonium dichloride 
(N.N-DPDD) in 100 ml ethanol at 40 °C. 

Dilute 10 ml ethanolic sodium ethylate solution (20%) to 100 ml 
with ethanol. 

Mix equal volumes of solutions I and II; filter off the precipitate 
that forms. 

For peroxides: Dissolve 1 g N,N-DPDD in a mixture of 50 ml 
methanol, 50 ml water and 1 ml glacial acetic acid [4, 6]. 

Reagents with other compositions are also in use, e.g. 1.5 g N,N- 
DPDD in methanol — water - glacial acetic acid (128 + 25 + 1) 
[1, 2] or 0.1 % N,N-DPDD in chloroform — glacial acetic acid — 
water (50+50+10) [5], 

For halogen-containing compounds: Dissolve 0.5 g N.N-DPDD 
in a mixture of 50 ml solution II and 50 ml ethanol [1, 8], 

Solution I and the dipping solution should always be freshly 
made up. The spray solution and solution II can be stored for a 
longer period in the refrigerator. 

N,N-Dimethyl-l,4-phenylenediammonium dichloride 
Sodium ethylate (20% in ethanol) 

Ethanol 

Reaction 


The chromatogram is freed from mobile phase, immersed in the dipping solution f 
3 s or homogeneously sprayed with the spray solution and then dried in a stream 
cold air. Triazines must be converted to chlorinated derivatives by exposing the chr 
matogram to chlorine gas (see “Procedure Tested”) before application of the reager 
In the case of halogen-containing substances (e. g. insecticides) the chromatograr 
are moistened by spraying with water after treatment with the reagent and then exposi 
to unfiltered UV light for ca. 1 min [1, 7] or to sunlight for 30 min [8]. 

Peroxides yield reddish-pink to purple-red chromatogram zones on a pale pink-c< 
ored background [2, 4, 5] and halogen-containing substances dirty violet, ultram 
rine-grey to greenish zones [7, 8]. Triazines yield intense grey to brown zones on a lig 
brown background, observed from the back of the plate they are intense purple-red. 
series of steroids also react; e.g. A 4 - and A 5 -3-ketosteroids produce a yellow to brov 
color and A 4 -3-ketosteroid-a-ketols (e.g. cortisone) orange to pink-orange zones wh 
the two cholest-5-en-3B,7a(and 713)-diols only react slowly to yield a blue color [4] 

Note: The contrast between the colored zones and the layer background can be ii 
proved by warming the chromatogram gently [4], Di-tert-butyl peroxide does not ret 
[3]. N,N,N',N'-tetramethyl-p-phenylenediamine (q.v.) can also be used instead of N,! 
DPDD for the detection of peroxides [3], The spray solution for peroxides gradua 
turns dark red in color but it still retains its ability to react for several weeks [4]. 

The detection limits for peroxides are about 500 ng or with N,N,N',N'-tetramethyl- 
phenylenediamine reagent 50 ng substance per chromatogram zone [4], The detect! 
limits for insecticides are 5 pg per chromatogram zone in the most unfavorable cases [' 
The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr a 
Si 50000 layers. 


Solution I 

Solution II 
Dipping solution 
Spray solution 


Storage 

Substances 


Peroxides oxidize N.N-DPDD to Wurster’s red, a semiquinone diimine derivative [4]. 
Similarly Wurster’s red is also produced from N.N-DPDD by reaction with halo¬ 
gen-containing substances in the presence of sodium ethylate and UV light and by reac¬ 
tion with the chlorinated triazines produced by reaction with chlorine [7], 


CH 3 

HzN-Q-N 

ch 3 


Active chlorine 


h 2 n hO= 


♦/ J 
N 

x ch 3 


Cl 


WURSTER’s red 
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Procedure Tested 


TViazines [10, 11] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 25 4 S (Merck, Riedel-de-Haen) ; be¬ 

fore application of the samples the layer is immersed in 2- 
propanol for 12 hours (preferably overnight) and then activated 
on a hot plate for 15 min at 110°C. 

Mobile phase 1. Pentane — chloroform — acetonitrile (50+40+10) (Fig. 1). 

2. Cyclohexane — dichloromethane — dioxan — tetrahydrofuran 
(80+10+5+5) (Fig. 2). 

Migration distance 7 cm 

Running time 25 min 

Detection and result: The chromatogram was first dried in a stream of cold air for 
5 min and then for 15 min on a hot plate at 60 °C. It was then exposed for 1 min to 
an atmosphere of chlorine gas, that had been generated in a trough chamber by pouring 
5 ml hydrochloric acid (ca. 20%) onto 0.5 g potassium permanganate placed in a small 
beaker (waiting time ca. 2 min before insertion of the plate). The chromatogram was 
then freed from excess chlorine for exactly 5 min in a stream of cold air (prolonged ven¬ 
tilation makes the result worse), immersed in the dipping solution for 3 s and dried for 
5 min in a stream of cold air. 

The substances methoprotryn (hjR f 30-35), desmetryn (hi? f 40-45), ametryn (hi? f 
55-60), prometryn (h/? f 65-70) and dipropretryn (hi? f 70-75) separated using mobile 
phase 1 and the components cyanazine (hjR f 20-25), simazine (hi? f 30-35), atrazine 
(h/? f 35-40), terbutylazine (h/? f 45-50) and anilazine (h/? f 60-65) chromatographed 
with mobile phase 2 all yielded intense grey to brown-colored zones on a light brown 
background, that appear intense purple-red when viewed from the back of the plate 
(Wurster’s red). 

In situ quantitation: The photometric evaluation was carried out in reflectance at a 
wavelength of X = 460 nm (Fig. 1) and 545 nm (Fig. 2). The detection limits lay at 15 ng 
substance per chromatogram zone. 


Start 
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Fig. 1 Fig. 2 


Fig. 1: Reflectance scan of a chromatogram track with 200 ng substance per chromatogram zone 
1 = methoprotryn, 2 = desmetryn, 3 = ametryn, 4 = prometryn, 5 = dipropretryn. 

Fig. 2: Reflectance scan of a chromatogram track with 100 ng substance per chromatogram zone 
1 = cyanazine, 2 = simazine, 3 = atrazine, 4 = terbutylazine, 5 = anilazine. 
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4-(Dimethylamino)- 
benzaldehyde - Acetylacetone - Reagent 

(Morgan-Elson Reagent) 


Reagent for: 

• Amino sugars 

e.g. glucosamine, galactosamine 

o o 

H 3 C o 

H 3 C H 

C 9 H„NO 


H,cA^ CH> 


c 5 h 8 o 2 


M r = 100.12 

M r = 149.19 


Acetylacetone 

4-(Dimethylamino)- 



benzaldehyde 


Preparation of the Reagent 


Solution I 

Solution II 
Reagent solution 


Mix 5 ml potassium hydroxide solution (50%) wth 20 ml ethanol 
[ 11 - 

Mix 0.5 ml acetylacetone and 50 ml 1-butanol [1]. 

Mix 0.5 ml solution I with 10 ml solution II immediately before 
use [1, 2], 


Dipping solution Dissolve 1 g 4-(dimethylamino)-benzaldehyde in 30 ml ethanol, 
add 30 ml hydrochloric acid (37 %) and dilute with 180 ml 
1-butanol [2]. 


Spray solution Dissolve 1 g 4-(dimethylamino)-benzaldehyde in 30 ml ethan 
and add 30 ml hydrochloric acid (37%) [1]. 

Storage The reagent solution should always be made up fresh [1], since 

can be stored for only a few hours. 

Substances 4-(Dimethylamino)-benzaldehyde 

Acetylacetone 
Potassium hydroxide 
Ethanol 
1-Butanol 

Hydrochloric acid, fuming (37%) 


Reaction 


The mechanism of the reaction has not been elucidated. 


Method 


The dried chromatograms are dipped in the reagent solution for 3 s or spray 
homogeneously with it and then heated to 105 °C for 5 min. After cooling to roc 
temperature the chromatograms are then immersed in the dipping solution 
homogeneously sprayed with the spray solution. They are finally dried at 90 °C f 
5 min [1, 2]. 

Red to brown chromatogram zones are produced on a colorless to yellow backgroui 

HI- 

Note: The reagent is not very sensitive. Detection is also evidently affected by exterr 
influences (pH, temperature, heating time etc.), which have an effect on the detectii 
sensitivity and on the colors of the chromatogram zones [3]. 

If the order of application of the reagents is reversed and all other conditions ke 
the same, lemon-yellow chromatogram zones are produced on a pale yellow bac 
ground. 

The N-acetyl derivatives of 2-aminohexoses give a reaction even in the absence 
acetylacetone [4], 
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The detection limits for amino sugars are ca. 0.5 |tg substance per chromatogram 
zone. 

The reagent can be employed on silica gel, kieselguhr, Si 50000 and cellulose layers 
as well as on RP, CN, Diol and NH 2 layers. 


Procedure Tested 


Method 

Layer 

Mobile phase 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

HPTLC plates Silica gel 60 F 254 (Merck). 

2-Propanol — ethyl acetate — ammonia solution (32%) 
(10+10+10) [5], 


Migration distance 8 cm 
Running time 90 min 


Detection and result: The chromatogram was dried in a stream of warm air and im¬ 
mersed for 3 s in the reagent solution and then heated to 105 °C for 5 min. After cool¬ 
ing to room temperature it was immersed in the dipping solution for 3 s and then dried 
at 90 °C for 5 min. 

Galactosamine (h/? f 30-35) and glucosamine (h/? f 35-40) produce brownish-red 
chromatogram zones on a yellow background. 


In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the wavelength X = 400 nm (Fig. 1). 


1 



Fig 1: Reflectance scan of a chromatogram track with 5 gg galactosamine (1) and 1 gg 
glucosamine per chromatogram zone. 
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4-(Dimethylamino)- 
benzaldehyde-Acid Reagents 

A whole series of derivatization reagents contain 4-(dimethylamino)-benzaldehyde as 
a fundamental component. They differ in the type and concentration of the mineral 
acid components used in their preparation. Other components of the reagent generally 
play a minor role. 

The two most commonly used dimethylaminobenzaldehyde reagents bear the names 
of their “inventors” who first described the acid component used. They are known as 

Ehrlich’s reagent or Van Urk’s reagent 

depending on whether hydrochloric acid or sulfuric acid is used in the reagent. Many 
publications do not follow this naming system — this is particularly evident where the 
authors give the composition of the dimethylaminobenzaldehyde reagent employed - 
so that the reaction names for Ehrlich’s and Van Urk’s reagent have not always been 
cited correctly in the past. 

The fact that many publications just refer to Ehrlich’s or Van Urk’s reagent 
without any other reference to the actual composition, necessarily means that the 
methods in such publications present a probable source of lack of reproducibility when 
an attempt is made to reproduce the results. 

A publication by Ehmann reveals how confused the situation is; here the introduc¬ 
tion correctly describes 

Ehrlich’s reagent as 4-(dimethylamino)-benzaldehyde - hydrochloric acid and 

Van Urk’s reagent as 4-(dimethylamino)-benzaldehyde - sulfuric acid, 
but the experimental section incorrectly refers to a solution of 4-(dimethylamino)- 
benzaldehyde in hydrochloric acid/ethanol as Van Urk’s reagent [1]. 

It can be concluded from the publications of Rohde [2] and Freund and Lebach 
[ 3 , 4 ] that it was Ehrlich who first suggested the use of 4-(dimethylamino)-benzalde- 
hyde in the presence of hydrochloric acid for color reactions with “methylketols” that 
was found also to apply to indole derivatives [5], Auterhoff [6] designated a reagent 
for urobilinogen, consisting of a solution of 2 g 4-(dimethylamino)-benzaldehyde in 20 
percent hydrochloric acid, correctly as Ehrlich’s solution. Hence, it is essentially cor¬ 
rect to refer to all reagents which contain these components as Ehrlich’s reagent. 

The designation Van Urk’s reagent can be traced back to a publication in 1929 [7] 
which describes the detection of ergot alkaloids with 4-(dimethylamino)-benzadehyde 
in aqueous solution by cautiously underlayering with concentrated sulfuric acid. 


Auterhoff described a reagent made up of 4-(dimethylamino)-benzaldehyde, sulfuri 
acid with additional iron(III) ions as “Van Urk’s reagent solution”. A more correi 
name would have been Van Urk-Salkowski reagent, since the Salkowski reagei 
(iron(III) chloride/sulfuric acid) has been used alongside the Van Urk’s reagent [8 

Similar errors have been perpetuated in the literature until the present day (cf. [ 
9-11]). 

Although more than 150 publications have been reviewed the “dimethylaminoben; 
aldehyde monographs” that follow only take account of and cite those where there 
an unequivocal citation of precise formulations — with respect to the acid used in tl 
reagent — so that they can be assigned to the appropriate named reaction. This prc 
cedure was justified in view of the results obtained for the examples tested for th 
reagent monographs, for there are differences between the two reagents. Ehrlich 
reagent is usually more sensitive and yields better method standard deviations on in sit 
evaluation [12]. However, the plate background is yellow in color while it remains whil 
after the use of Van Urk’s reagent [13], or acquires a slight gray color [12]. Furthe: 
more, the layer background does not discolor with standing after the use of the Va 
Urk reagent as is the case with Ehrlich’s reagent [14]. Nevertheless the Van Ur 
reagent has been used less frequently for TLC in the past but was primarily employe 
in solution photometry [13], e.g. for the characterization of substances on the basis c 
aldol condensations. This also applies to determinations made after elution of scrapec 
off chromatogram zones [11, 15-18]. 

In rare cases — such as the detection of nafazatrom [19] — 4-(dimethylamino 
benzaldehyde is used without the addition of any acid. 
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4-(Dimethylamino)-benzaldehyde- 
Acetic Acid-Phosphoric Acid Reagent 

(EP Reagent) 



Preparation of the Reagents 

Dipping solution Dissolve 0.25 g 4-(dimethylamino)-benzaldehyde in 50 ml glaci: 

acetic acid and add 3 ml or//io-phosphoric acid (85%) [10]. 

Spray solution Dissolve 0.25 g 4-(dimethylamino)-benzaldehyde in a mixture c 
50 g glacial acetic acid, 5 g ortho-phosphoric acid (85 %) an 
20-45 ml water [1-3, 5, 8], 
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Storage The reagent solutions can be stored for months in well-sealed, 

brown glass bottles [1, 2], 

Substances 4-(Dimethylamino)-benzaldehyde 

Acetic acid 

orf/io-Phosphoric acid 


Reaction 

The mechanism of the reaction has not yet been elucidated. 


Method 

The chromatograms are dried in a stream of warm air and then immersed in the dipping 
solution for 2 s or homogeneously sprayed with the spray solution and then heated to 
80-110°C for 10-20 min [1, 2, 10], 

Generally blue to violet chromatogram zones are formed on a colorless background. 
Azulene appears pale green and proazulenes produce gray, violet, brown, orange or 
green chromatogram zones [2], 

Note: The EP reagent can be used for the specific detection of matricin in chamomile 
extract [1]. 

The detection limits per chromatogram zone are 250 ng for bisabolol and 40 ng for 
bisabolol dioxide [10], 

The reagent can be employed, for example, on silica gel, kieselguhr, Si 50000, CN, 
diol, RP and cellulose layers.; NH 2 and polyamide phases are not suitable since the 
whole background acquires a yellow color, and the substances do not react [10]. 
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Procedure Tested 


Chamomile oil [10] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer TLC plates Silica gel 60 (Merck). 

Mobile phase Toluene — ethyl acetate (7+3). 

Migration distance 6 cm 
Running time 7 min 

Detection and result: The chromatogram was dried in a stream of warm air, immersed 
in the dipping solution for 2 s and then heated to 110 °C for 20 min. 

Bisabolol oxide (h R f 40-45) appeared as pink and bisabolol (hi? f 65-70) as mauve- 
colored chromatogram zones on a pale yellow background. The detection limits per 
chromatogram zone were 40 ng for bisabolol oxide and 250 ng for bisabolol. 

In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the wavelength X = 515 nm (Fig. 1). 
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o 

U) 



1 2 3 

A B 

Fig 1: Chromatogram of a chamomile flower extract and of chamomile oil components (A) and 
reflectance scans (B) of reference tracks with 3.75 pg bisabolol oxide (1) and 9.5 pg bisabolol (2) 
and a chromatogram track with chamomile flower extract (3). 
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4-(Dimethy lamino)-benzaldehyde - 
Hydrochloric Acid Reagent 

(Ehrlich’s Reagent) 


Reagent for: 

• Indole derivatives [1, 3] 
e.g. egot alkaloids [2, 4-12] 

such as ergotamine, ergocristine, ergometrine, ergocornine 
dihydroergosine,, lysergamide, isolysergamide 
e.g. ergolinecarboxylic acids [13-16] 
e.g. clavine alkaloids [4, 6, 17, 18] 

such as agroclavine, chanoclavine, penniclavine 
e.g. harpagophytum alkaloids [19] 
such as harpagoside 
e.g. hallucinatory drugs 

such as LSD [7, 9, 12], psilocybin, psilocin [12, 20] 
e.g. auxins [21-23] 

such as 5-hydroxyindole-3-acetic acid, indole-3-acetic acid and their 
esters 

e.g. tryptophan derivatives [2, 22-29] 

such as tryptophan, tryptamine, serotonin, tryptophol, 

N-carbamyltryptophan 
e.g. yohimbine alkaloids [30] 

such as ajmalicine, rauniticine 
e.g. pyrrolizidine alkaloids [31] 

such as symphytine N-oxide and echimidine N-oxide 
e.g. peramine [32] 

• Amines [1] 

e.g. primary aromatic amines [33-36] 

• Urea and thiourea derivatives [28, 29, 37] 
e.g. urea, thiourea 

• Drug substances (38, 39) 
e.g. sulfonamides [40-42] 

such as sulfanilamide, sulfanilthiocarbamide, sulfathiazole 
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Reagent for: 


• Mycotoxins 

e.g. cyclopiazonic acid [43], PR toxin or PR inline [44] 
diacetoxyscirpenol [45] 

• Pesticides 

e.g. phenylcarbamate and phenylurea herbicides [34, 36] 

such as asulam, chlorbromuron, chlortoluron, diuron, linuron 

• Explosives [35] 

e. g. tetryl, TATB(l,3,5-triamino-2,4,6-tetranitrobenzene) 

• Carbapenem antibiotics [46] 

• Gangliosides [47, 48] 

e.g. GM1, GM2, Fuc-GMI, GTlb, GDI a, GDlb 

• Bitter substances 

e.g. limonin [49], nomilin [50] H 3 C^ _ o 

• Pyridine derivatives 

e.g. citrazinic acid, citrazinamide [51] H 3 C 


HC1 

M r = 36.46 


C 9 H n NO 
M r = 149.19 


Hydrochloric 4-(Dimethylamino)- 

acid benzaldehyde 


Preparation of the Reagent 

Dipping solution Dissolve 300-500 mg 4-(dimethylamino)-benzaldehyde in 25- 
40 ml methanol and treat with cooling with 10 ml hydrochloric 
acid (32%); the temperature should not fall below 20 °C or rise 
above 40°C [52, 53], 

Alternatively combine a solution of 300 mg 4-(dimethylamino)- 
benzaldehyde with a mixture of 54 ml 1-butanol, 9 ml ethanol 
and 9 ml cone, hydrochloric acid [46]. 

Spray solution Dissolve 1-5 g 4-(dimethylamino)-benzaldehyde in a mixture of 
50 ml hydrochloric acid (25%) and 50 ml ethanol (96% or 100%) 
[2, 9, 11, 12, 21, 22„ 27, 32, 42], methanol [3, 10, 54] or 2- 
propanol [24], 


4-(Dimethylamino)-benzaldehyde-Hydrochloric Acid Reagent 


24 


Alternatively make up a stock solution of 10 g 4-(dimethylamino 
benzaldehyde in concentrated hydrochloric acid and dilute one pa 
by volume with 4 to 10 parts by volume acetone immediately befoi 
spraying [20, 25, 26, 28, 29, 44], 

Storage The reagent solutions may be stored for several weeks [4, 53], T! 

spray solution that has been diluted with acetone is not stable an 
should therefore always be made up fresh [28]. 

Substances 4-(Dimethylamino)-benzaldehyde 

Hydrochloric acid (32%) 

Hydrochloric acid (25%) 

Methanol 
Ethanol 
Ethanol (96%) 

1-Butanol 


Reaction 

Electrophilic substitution, e.g. of the 2-position of the indole ring, followed by tl 
elimination of water leads to the formation of cyanin dyes from ergot alkaloids [53 
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The same applies to cyclopiazonic acid [43], 



Cyclopiazonic acid 4-(Dimethylamino)- 

benzaldehyde 



Method 


The chromatograms are dried in a stream of warm air, then immersed in the dipping 
solution for 2 s to 20 s or homogeneously sprayed with the spray solution until the layer 
begins to appear transparent [21, 52, 53], After allowing the chromatogram to stand for 
a few minutes it is then heated to 50-120°C for 2-20 min [12, 24, 47, 52-54], In the 
case of gangliosides the chromatograms are covered with a glass plate during heating 
[47, 48], 

Chromatogram zones of different colors (yellow, orange, red, brown, green, blue) are 
formed - mainly within a few minutes even before heating - on an almost colorless 
to slightly yellow background [2, 4, 21, 22, 52-54], 

For example, ergot alkaloids produce without exception blue chromatogram zones, 
while clavine alkaloids primarily produce green colors [4], Urea derivatives and primary 
aromatic amines yield yellow chromatogram zones [28, 33, 34, 36, 37] and PR toxin and 
PR imine emit intense blue fluorescence on excitation with long-wavelength UV light 
(X. = 365 nm) [44], 

Note: Several variants of the reagent have been described in the literature. Thus 
chromatograms can be sprayed with a solution of 4-(dimethylamino)-benzaldehyde in 


cyclohexane, ethanol or 1-butanol and then exposed to hydrochloric acid vapor [5, 8 
13-16, 43, 44, 49, 50). Other variants of the reagent involve the addition of a drop o 
iron(III) chloride solution (10%) [4] or recommend treatment of the chromatogran 
afterwards with sodium nitrite (1 % aqueous) to stabilize the colors [6], In exceptiona 
cases 4-(dimethylamino)-benzaldehyde reacts alone without the addition of other com 
ponents to the reagent [55], The 4-(dimethylamino)-benzaldehyde in the reagent can bi 
replaced by 4-(diethylamino)-benzaldehyde [35], In the case of pyrrolizidine alkaloid 
the chromatogram is sprayed with acetic anhydride - petroleum ether - benzem 
(1+4 + 5) and heated to 95°C for 10 min before being treated with Ehrlich’s reagen 
[31], If zinc powder is incorporated into the layers it is also possible to detect nitro 
aromatics [35], 

Some substances only react slowly at room temperature [20, 22], The colors that ap 
pear initially generally alter over a period of a few hours and then remain stable fo 
a virtually unlimited period [21], The addition to the reagent of small quantities of ox 
idizing agents (iron(Ill) salts, hydrogen peroxide) has been reported to intensify thi 
color tone [2, 4]; the same is also reported to occur if the treated chromatograms ari 
afterwards exposed to UV light or to the vapors of aqua regia or nitric acid [2, 12] 

4-(Dimethylamino)-benzaldehyde - hydrochloric acid reacts less sensitively thai 
4-(dimethylamino)-cinnamaldehyde — hydrochloric acid in the detection of indoli 
derivatives, but the former is better for differentiation of substances on account of th< 
multiplicity of different color shades produced. 

The detection limits per chromatogram zone are 4-20 ng substance for anilini 
derivatives [52] and 3-100 ng substance for indole derivatives [2, 4, 5, 32, 53].But somi 
substances, e.g. dihydroergosine [11] and PR toxin and PR imine [44] can be detectec 
in quantities smaller than 1 ng. 

The reagent can be employed, for example, on aluminium oxide, silica gel, silvei 
nitrate impregnated silica gel, kieselguhr, Si 50000 and cellulose layers; RP and CHIF 
phases are also suitable. 


Procedure Tested 1 

Aniline Derivatives [52] 

Method Ascending, one-dimensional development in a trough chambei 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 
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Mobile phase Toluene 

Migration distance 8 cm 
Running time 25 min 

Detection and result: The chromatogram was dried for 5 min in a stream of cold air, 
immersed in the dipping solution for 2 s, dried briefly in a stream of warm air and then 
heated on a hot plate to 110°C for 2 min. 

2,4-Dimethylaniline (h R f 5-10), 4-chloroaniline (W? f 10-15), 3-chloroaniline (h R { 
20-25), 4-chloro-2-nitroaniline (h/? f 30-35), 2-chloroaniline (h/? f 35-40) and diphenyl- 
amine (h/? f 70-75) appeared as yellow chromatogram zones on a pale yellow back¬ 
ground. The detection limits were between 4 ng (4-chloroaniline) and 20 ng (diphenyl- 
amine) substance per chromatogram zone. 

In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the wavelength X = 435 nm (Fig. 1). 


1 



Fig 1: Reflectance scan of a chromatogram track with 100 ng each of 4-chloroaniline (2) and 3- 
chloroaniline (3) and 200 ng 2,4-dimethylanihne (1), 4-chloro-2-nitroaniline (4), 2-chloroaniline (5) 
and diphenylamine (6) per chromatogram zone. 


4-(Dimethylamino)-benzaldehyde-Hydrochloric Acid Reagent 2 'A 

Procedure Tested 2 

Ergot Alkaloids [53] 

Method Ascending, one-dimensional development in a trough chambi 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Acetonitrile - 1-propanol - water (125 + 28 + 15). 

Migration distance 6 cm 
Running time 17 min 

Detection and result: The chromatogram was dried for 5 min in a stream of cold a 
and immersed twice for 10 s - with brief intermediate drying in a stream of cold a 
- in the dipping solution and then immediately heated to 115 °C for 15 min in the dr 
ing cupboard; the TLC plate was only to be supported on its side on two metal track 
After cooling to room temperature the chromatogram was immersed for 1 s in a soli 


1 



Fig 2: Reflectance scan of a chromatogram track with 90 ng of each substance per chromatograi 
zone; 1 = lisuride dihydrogen maleate, 2 = methysergide maleate, 3 = dihydroergotamir 
mesylate, 4 = ergotamine tartrate. 
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don of liquid paraffin — «-hexane (1 +2) and dried for 5 min in a stream of cold air; 
the purpose of this last immersion was to stabilize the reflectance signal of methysergide 
in particular. 

Lisuride dihydrogen maleate (hi? f 30-35), methysergide maleate (h/? f 40-45), 
dihydroergotamine mesylate (hJ? f 45-50) and ergotamine tartrate (hi? f 70-75) ap¬ 
peared as blue violet chromatogram zones on a yellow background. The detection limits 
— calculated for free base — were 3-4 ng substance per chromatogram zone. 

In situ quantitation: After 1 h the absorption photometric evaluation in reflectance was 
carried out at the wavelength X = 590 nm (Fig. 2). 
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4-(Dimethylamino)-benzaldehyde - 
Sulfuric Acid Reagent 

(Van Urk’s Reagent) 


Reagent for: 


• Primary aromatic amines [1] 

• Alkaloids 

e.g. tropane alkaloids 

such as atropine, scopolamine [2] 
e.g. ergot alkaloids 

such as ergotamine, ergocryptine, ergometrine [3, 4, 17] 
e. g. clavine alkaloids 

such as chanoclavine, agroclavine [3, 5, 6] 

• Pharmaceutical active ingredients 
e.g. sulfonamides 

such as sulfasomidine, sulfadiazine, sulfamerazine [1, 7] 

• Addictive drugs 

e.g. lysergic acid diethylamide (LSD) [4, 8-10] 
psilocybin, monomethyltryptamine [9] 

• Indole and hydroxyindole derivatives 
e.g. tryptophan metabolites [11] 

cyclopiazonic acid (mycotoxin) [12] 

4-, 5-, 6- and 7-hydroxyskatoles [13] 

• Monoterpene ketones 

e.g. menthone, pulegone, carvone, piperitenone [14] 

• Carbamate pesticides 
e.g. fenuron, monuron, linuron, carbaryl [15] 


H,C W H 


h 2 so 4 c 9 h„no 

M r = 98.08 M r = 149.19 


Preparation of the Reagent 


Dipping solution 


Spray solution 


Storage 

Substances 


Dissolve 1 g 4-(dimethylamino)-benzaldehyde in a mixture of 
45 ml water and 5 ml sulfuric acid (95-97%) and make up to 
100 ml with water [2]. 

Variant 1: Dissolve 2 g 4-(dimethylamino)-benzaldehyde in 45 ml 
methanol, add 5 ml sulfuric acid (95-97%) cautiously with cool¬ 
ing and make up to 100 ml with methanol [16]. 

Variant 2: Dissolve 0.3 g 4-(dimethylamino)-benzaldehyde in 
90 ml methanol and add 10 ml sulfuric acid (95-97%) cautiously 
with cooling (ice water). When preparing this dipping solution 
the temperature should be kept within the 20-40 °C range [17]. 

For indole derivatives: Dissolve 50 mg 4-(dimethylamino)-benz- 
aldehyde in 1 ml cone, sulfuric acid and make up to 100 ml with 
95% ethanol [7]. 

Variant 1: Dissolve 0.8 g 4-(dimethylamino)-benzaldehyde in a 
mixture of 90 ml 95% ethanol and 10 ml 98% sulfuric acid [9]. 
For monoterpene ketones: Dissolve 200 mg 4-(dimethylamino)- 
benzaldehyde in 20 ml cone, sulfuric acid [14]. 

The reagent solutions may be stored over a prolonged period [17]. 

4-(Dimethylamino)-benzaldehyde 
Sulfuric acid (95-97%) 

Methanol 

Ethanol 


Reaction 


4-(Dimethylamino)-benzaldehyde reacts in acidic medium, e. g. with the indole ring of 
cyclopiazione or ergot alkaloids and forms a cyanin dyestuff by electrophilic substitu¬ 
tion in the 2-position followed by the elimination of water [12, 17]. 
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Method 


The chromatograms are freed from mobile phase in a stream of warm air, then either 
immersed briefly in one of the dipping solutions or homogeneously sprayed with one 
of the spray solutions, until the layer begins to be transparent. Then they are heated 
to 105-120°C for 10-30 min [2, 9, 14, 16, 17]. 

Indole derivatives yield red to blue-violet chromatogram zones on an almost colorless 
background [2, 3, 12]; these zones gradually fade [12], Monoterpene ketones yield 
yellow-gray to red-brown chromatogram zones [14]. Hydroxyskatoles initially yield 
yellow chromatogram zones but these change color to gray-brown or green-brown on 
heating or if allowed to lie [13], 

Note: The individual components of the reagent can also be applied separately one 
after the other [12, 15], e.g. the chromatogram is first immersed in an 8% methanolic 
4-(dimethylamino)-benzaldehyde solution and then, after intermediate drying, sprayed 
with 25% sulfuric acid [12]. 4-(Dimethylamino)-benzaldehyde can be replaced in the 
reagent with 4-(dimethylamino)-cinnamaldehyde [1]. 


In the case of carbamate pesticides the chromatogram is heated to 150 °C for 20 min 
after the application of the reagent. Spraying later with a solution of 2 N sodium 
hydroxide solution to improve the color contrast is recommended [15]. Occasionally a 
small amount of iron(III) chloride is added to the reagent [13]. 

Quantitative evaluations are best carried out ca. 15-20 min after heating the 
chromatogram [2]. 

The detection limits for sulfonamides lie at 10-50 ng [7], for lysergic acid 
diethylamide at 50 ng [4] and for tropane alkaloids at 50-500 ng substance per 
chromatogram zone [2, 16]. 

In the case of lysergic acid derivatives spraying with sodium nitrite solution after¬ 
wards stabilizes the colored chromatogram zones [18]. 

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr and 
Si 50000 layers; cellulose layers are not suitable. 


Procedure Tested 1 


Tropane Alkaloids [16] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck) that are prewashed, 

before application of the samples, by developing in chloroform - 
methanol (50+50) to the upper edge of the plates and then dried 
for 30 min at 110 °C. 

Mobile phase Acetone — toluene - ammonia solution (25%) (40 + 15 + 5). 

Migration distance 5 cm 
Running time 10 min 

Detection and result: The chromatogram was dried in a stream of warm air until the 
ammonia was completely removed (ca. 45 min), cooled in a stream of cold air for 
5 min, immersed twice in the dipping solution (variant 1) for 10 s, with brief inter¬ 
mediate drying in a stream of cold air, and then heated to 120 °C for 30 min. 

Atropine (h/? f 30-35) and scopolamine (h/? f 60-65) appeared as red chromatogram 
zones on a reddish-gray background. The detection limits lay at 50 ng substance per 
spot. 
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In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at wavelength X = 500 nm (Fig. 1). 

o 

55 


A 


B 

Fig. 1: Reflectance scan of a chromatogram track of an Atropa belladonna extract (A) and of a 
reference track (B) with 200 ng of both atropine (1) and scopolamine (2). 

Procedure Tested 2 

Ergot Alkaloids [17] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 2 5 4 (Merck). 

Mobile phase Acetonitrile - 1-propanol - water (125+28 + 15). 

Migration distance 6 cm 
Running time 17 min 

Detection and result: The chromatogram was freed from mobile phase in a stream of 
cold air for 5 min, immersed twice in the dipping solution (variant 2) for 10 s with brief 
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intermediate drying in a stream of cold air and then heated, while still damp, to 95 °C 
for 1 min on a hot plate. Then, after cooling to room temperature, it was immersed for 
1 s in a solution of liquid paraffin - n-hexane (1+2) to stabilize the reflectance signal 
of dihydroergotamine and dried for 5 min in a stream of cold air. 

Lysuride hydrogen maleate (h R { 30-35), methysergide maleate (h R { 40-45), 
dihydroergotamine mesylate (h/? f 45-50) and ergotamine tartrate (h R f 70-75) ap¬ 
peared as gray-violet chromatogram zones on a colorless background. The detection 
limits - calculated for the free base - were 15-30 ng substance per chromatogram 
zone. 

In sito quantitation: After waiting for 50 min the absorption photometric evaluation 
in reflectance was carried out at wavelength X = 590 nm (Fig. 2). 


1 3 



Fig. 2: Reflectance scan of a chromatogram track of 90 ng each lysuride hydrogen maleate (1), 
methysergide maleate (2), dihydroergotamine mesylate (3) and ergotamine tartrate (4) per 
chromatogram zone. 
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Dimethylglyoxime Reagent 

(Diacetyldioxime Reagent) 


Reagent for: 


• Cations 

e.g. nickel [1-7] 
cobalt [4-7] 

copper, iron, manganese, silver [6] 

DMSO complexes of cobalt, nickel [8] 

H 3 C ch, 

HO-N N-oh 

c 4 h 8 n 2 o 2 

M r = 116.12 


Preparation of the Reagent 


Dipping solution Dissolve 1 g dimethylglyoxime (diacetyldioxime) in 100 ml eth¬ 
anol. 


Spray solution 

Storage 

Substances 


Dissolve 0.1 to 1 g dimethylglyoxime in 100 ml 96% ethanol [1, 5] 
or in ammonia solution [4, 8], 

The reagent solutions may be stored for longer periods. 

Dimethylglyoxime 

Ethanol 

Ammonia solution (25 °7o) 
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Reaction 


A series of metal cations (Ni, Fe, Co, Cu, Pt) form colored complexes with 
dimethylglyoxime in ammonia solution or weakly acidic medium. 


Layer HPTLC plates Cellulose F 254s (Merck) that have been pre 

cleaned by developing once to the upper edge of the plate wit! 
chloroform - methanol (50+50) and then dried at 110°C fo 
30 min. 

Mobile phase Ethanol - water - nitric acid (65%) (70+18 + 12). 


O-H-O 

I | 

h 3 c-c=n n=c-ch 3 

I \ / I 
Ni | 

I / \ I 

H 3 C—C=N N=C-CH 3 

II 
6 -H-0 


Method 


Migration distance 6 cm 
Running time 45 min 

Detection and result: The chromatogram was dried for 5 min in a stream of cold air 
immersed in the dipping solution for 2 s, dried for 2 min in a stream of cold air anc 
exposed to ammonia vapor (25% ammonia solution in the vacant trough of a twii 
trough chamber) for 3 min. 

Nickel cations (h/? f 35-40) appeared as red and cobalt cations (h R { 40-45) as yellov 
chromatogram zones on a colorless background. 

The detection limits lay at 20 ng substance per chromatogram zone. 


The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the dipping solution for 2 s or sprayed homogeneously with the spray solution, then 
dried in a stream of cold air and exposed to ammonia vapor in a twin-trough chamber. 

Red-violet (Ni), red-brown (Co, Fe, Cu), flesh-colored (Mn) or pale gray-violet (Mn) 
chromatogram zones are produced on a colorless background (6, 7], 

Note: The detection limits for nickel and cobalt cations are 20 ng substance per chro¬ 
matogram zone [9]. 

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr, 
Si 50000, RP and cellulose layers. Sodium molybdate-impregnated phases and zirco¬ 
nium oxide layers are also suitable [1]. 


Procedure Tested 

Nickel and Cobalt Cations [9] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 


In situ quantitation: The absorption spectrophotometric measurements in reflectanci 
were made at a mean wavelength X = 480 nm (Fig. 1A) or at wavelength X = 450 nn 
for cobalt (Fig. IB) and X = 510 nm for nickel (Fig. 1C). 


1 



F'g- 1: Reflectance scans of a chromatogram track with 200 ng each of nickel (1) and cobalt (2) 
cations per chromatogram zone: Scans at X = 480 nm (A), 450 nm (B) and 510 nm (C). 
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3,5-Dinitrobenzoic Acid- 
Potassium Hydroxide Reagent 

(Kedde’s Reagent) 



Preparation of the Reagent 

Solution I Dissolve 2 g 3,5-dinitrobenzoic acid in 100 ml methanol. 

Solution II Dissolve 5.7 g potassium hydroxide in 100 ml methanol. 

Dipping solution Dissolve 0.5 g 3,5-dinitrobenzoic acid in 50 ml ethanol (96% 

with gentle warming and mix with 50 ml sodium hydroxide solu 
tion (c = 2 mol/L) before use [17]. 


Spray solution 


Mix equal volumes of solution I and solution II before use [1, £ 
10, 14], 
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Storage Solutions I and II may be stored for extended periods. 

Substances 3,5-Dinitrobenzoic acid 

Potassium hydroxide pellets 

Methanol 

Ethanol 

Sodium hydroxide solution 


cessfully to layers that have previously been treated with p-toluenesulfonic acid o 
vanillin - perchloric acid reagent [1]. The instability of the colored derivatives pro 
duced makes the reagent unsuitable for quantitative analysis [16]. 

The detection limits for Convallaria glycosides are 20 ng substance per chromato 
gram zone [16]. 

The reagent can, for instance, be used on silica gel, kieselguhr and Si 50000 layers 


Reaction 


Procedure Tested I 


The y-lactone ring of the steroid skeleton forms an intermediate cardenolide anion in 
alkaline medium that nucleophilically adds to the 3,5-dinitrobenzoic acid in the posi¬ 
tion ortho to the two nitro groups. A mesomerically stabilized red-violet anion is pro¬ 
duced (Meisenheimer complex). 



Meisenheimer complex 


Method 


The chromatogram is freed from mobile phase, immersed in the dipping solution for 
2 s or homogeneously sprayed with the spray solution. Alternatively the chromatogram 
can first be sprayed lightly with solution I and then with an excess of solution II. 

Blue to blue-violet chromatogram zones are formed on a colorless background; these 
gradually fade [11, 16]. 

Note: In the second spray potassium hydroxide solution can be replaced by sodium hy¬ 
droxide solution or by a solution of 17 g benzyltrimethylammonium hydroxide in 
100 ml 33 percent methanol [4]. The Kedde reagent [15] can also be applied very suc- 


Cardenolides [16] 


Method 


Ascending, one-dimensional development in a trough chambe 
with chamber saturation. 


Layer 


Mobile phase 
Migration distance 
Running time 


TLC plates Silica gel 60 F 254 (Merck) that had been precleane 
before applying the samples by developing once with methanol - 
chloroform (50+50) and then dried at 110°C for 30 min. 

Ethyl acetate — methanol — water (81 + 11 + 8). 

10 cm 

25 min 


Detection and result: The chromatogram was freed from mobile phase and homogc 
neously sprayed with the spray solution. 

The cardenolides g-strophanthin (h/f f 5-10), convallatoxin (hR f 30-35) and 1 
strophanthin (hR f 50-55) immediately formed red-violet chromatogram zones tha 
gradually faded. Hence, the reagent was not always suitable for quantitative work. 

The visual detection limits were 20 ng substance per chromatogram zone. 
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Fig. 1: Chromatograms of reference substances (A) and of a lily of the valley extract (B): 1 = 
g-strophanthin, 2 = convallatoxin, 3 = k-strophanthin 


Procedure Tested II 


of warm air. Digoxin (hR f 30-35) and digitoxin (hR f 40-45) yielded violet chromato¬ 
gram zones on a colorless background. The detection limits were 50 ng substance per 
chromatogram zone. 

In situ quantitation: The absorption photometric scan at X max = 550 nm had to be 
carried out immediately, since the colors of the derivatives only remained stable for ca. 
10-15 min; exact quantitative analysis was not always possible. 


2 



Fig. 2: Absorbance scan of a chromatogram track with 500 ng each of digoxin (1) and digitoxin (2) 
per chromatogram zone. 
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Digitalis Glycosides [17] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

HPTLC plates Silica gel 60 F 2 5 4 with concentrating zone (Riedel 
de Haen, Merck). 

Actone — dichloromethane (60+ 40). 

5 cm 

8 min 


Detection and result: The chromatogram was freed from mobile phase, immersed in the 
dipping solution for 2 s and then examined immediately after brief drying in a stream 
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Fast Black Salt K- 
Sodium Hydroxide Reagent 


Reagent for: 


Amines 

e.g. aliphatic prim, and sec. amines [1, 2] 

such as a /p-alanine, ethylamine, diethylamine, piperidine, mescaline 
desipramine, ephedrine, maprotiline, nortriptyline 
e.g. aromatic prim, and sec. amines [1] 

such as aniline, 2,4,6-trimethylaniline, bromhexine, diphenylamine, 
amethocaine, procaine 
e.g. aromatic tert. amines [1] 

such as N,N-dimethylaniline, N,N-dimethyl-/>-toluidine 
Phenols 

e.g. catechin, resorcinol, hydroquinone, morphine [1] 

Salbutanol, isoprenaline, terbutaline [1] 

Tetracyclines [1] 

Aromatic N-heterocyclics 
e.g. pyrrole, imidazole, indole [1] 

Quaternary ammonium compounds [2] 

Psychopharmaceuticals 

e.g. chlorprothixene, haloperidol, sulpyride, 

perphenazine [2] N Cl" 

oxaflozane and its metabolites [4] jlf + 

Analeptics, stimulants [3] J^OCH 3 

e. g. amphetamine, preludin, captagon [6] IT if • (ZnCl 2 )i/ 2 

methamphetamine [1, 6] H 3 CO [ 

Diethyl malonate [1] N ^ N 

P-Blockers [2, 3, 5] 

e.g. alprenolol, atenolol, oxprenolol, (T Jj 

propranolol, timolol, acebutolol 1 

metoprolol, sotalol N ° 2 

NaOH (C 14 H 12 C1N 5 0 4 ) 2 • ZnCl 2 
M r = 40.00 M r = 546.36 

Sodium hydroxide Fast Black Salt K 
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Preparation of the Reagent 

Dipping solution 1 Dissolve 500 mg fast black salt K (Echtschwarzsalz K, diazotized 
4-amino-2,5-dimethoxy-4'-nitroazobenzene zinc double salt) in 
100 ml water with heating. Filter off any undissolved com¬ 
ponents. Dilute the filtrate with methanol (1 +1). 

Dipping solution n Methanolic sodium hydroxide solution (c = 0.5 mol/L). 

Spray solution 1 Dissolve 500 mg fast black salt K in 100 ml water; filter off any 
insoluble components [1-3, 5]. 

Spray solution II Sodium hydroxide solution (c = 0.0.5 mol/L) [1-3, 5]. 

Storage The dipping and spray solutions are stable for up to one day. 

Substances Fast black salt K 

Sodium hydroxide 0.5 mol/L 
Methanol 


Reaction 


Aliphatic primary and secondary amines primarily react with the diazonium compound 
fast black salt K to yield colored triazene derivatives [1] according to the following 
scheme: 


[Ar-NsN]Cl _ + 
Fast Black salt K 


R-NH,-► Ar —N = N—NH —R - 

L —HCI 

Prim, amine Triazene derivative 


Ar-NH-R + Ar—NH 2 


[Ar -Ns 

▼ 


> H -^Ar-N=N-<, 
Sec. amine Triazene derivative 


Ar — N = N — NH — Ar 
Triazene derivative 



It is also probable that there is coupling to colored derivatives in the case of aromatic 
amines and phenols (cf. Fast blue salt B reagent). 
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Fast tstacK Halt n-noaium ttyaroxiae Keagera 


Z,/l 


Method 


The chromatograms are dried in a stream of warm air, sprayed homogeneously with 
spray solution 1, dried briefly in a stream of hot air, then sprayed lightly with spray 
solution 2 and finally dried in a stream of warm air. In the case of (3-blockers this is 
followed with a further light spray with spray solution 1 [5]. 

Aliphatic and aromatic primary amines yield violet to violet-red chromatogram 
zones and aliphatic and aromatic secondary amines orange-red to brownish-red 
chromatogram zones on a colorless background; phenols are colored red-violet, light 
brown or green; pyrrole, imidazole, indole yield violet and diethyl malonate yields 
orange zones [1]. fl-Blockers are colored orange to reddish-violet [5]. 

Note; Color reactions occur even before application of spray solution II [6], Tertiary 
aliphatic amines and phenols with blocked ortho and para positions and aromatic N- 
acylated amines, e.g. acetanilide, do not react [1], 

The color hues produced in the reaction do not appear to be affected by differing 
substituents at the amine nitrogen; however electron-attracting substituents at the 
a-C atom appear to reduce the detection sensitivity of the reaction [1]. The colors pro¬ 
duced remain stable for months in the dark. In the light the zones produced by primary 
amines fade more rapidly than those from secondary amines [1]. 

The detection limits for analeptics and stimulants are 2 to 5 pg substance per 
chromatogram zone [6], p-Blockers can be detected at 50-100 ng per chromatogram 
zone [5]. 

The reagent can be employed, for instance, on silica gel, kieselguhr, Si 50000 and RP 
layers. 


Procedure Tested 

Tetracyclines [7] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer HPTLC plates RP 18 WF 2 5 4s (Merck). 

Mobile phase Oxalic acid (c = 0.5 mol/L, aqueous) — acetone — methanol 
(27 + 10+6). 


Migration distance 8 cm 
Running time 60 min 

Detection and result: The chromatogram was dried for 15 min in a stream of warm air 
and first examined under UV light. Tetracycline, chlorotetracycline, doxycycline and 
oxytetracycline fluoresced red under long-wavelength UV light (X = 365 nm). These 
four substances appear as dark zones on a pale blue fluorescent background (fluores¬ 
cence quenching) under short-wavelength UV light (X = 254 nm). 

The chromatogram was then immersed in dipping solution I for 1 s, dried briefly in 
a stream of warm air and then immersed in dipping solution II for 1 s. It was then dried 
in a stream of warm air for 10 min. 

Tetracycline (h/? f 35-40) produced blue and doxycycline (h/? f 15-20), chlorotetra¬ 
cycline (h/? f 25-30) and oxytetracycline (h/? f 40-45) produced violet chromatogram 
zones on a yellow background. The detection limits for all 4 compounds were 2 ng 
substance per chromatogram zone (X = 550 nm). 

In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the wavelength X = 550 nm (Fig. 1A) or = 580 nm (Fig. IB). 


3 



Fig 1: Reflectance scan of a chromatogram track with 16 ng of each substance per chromatogram 
zone: measurement at X = 550 nm (A) and at X = 580 nm (B). Note: The ordinate for (B) has been 
compressed by ca. 50% in comparison to (A): 1 = doxycycline, 2 = chlorotetracycline, 
3 = tetracycline, 4 = oxytetracycline, 5 = unknown. 
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Fast Blue Salt BB Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 0.5 g fast blue salt BB (C.I. 37175) in 25 ml water and 
make up to 100 ml with methanol [1]. 

Spray solution Dissolve 0.5 g fast blue salt BB in 100 ml water [2]. 

Storage The reagent solutions should always be prepared fresh and fast 

blue salt BB should be stored in the refrigerator. 


Substances 


Fast blue salt BB 
Methanol 
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Reaction 


Procedure Tested 


Fast blue salt BB couples with phenols, preferably in alkaline medium, to yield intensely 
colored azo dyes. 



Method 


The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the dipping solution for 4 s or homogeneously sprayed with the spray solution and 
then heated to 110-120 °C for 5-10 min [1, 2]. 

Chromatogram zones of various colors are produced on a pale yellow-orange colored 
background [1, 2]. 

Note: The dipping solution can also be used as a spray solution. RP layers should be 
treated with the methanol-containing reagent on account of its better wetting proper¬ 
ties. In addition it is necessary, particularly after the use of acidic mobile phases, to 
spray with alkalis, e.g. pyridine, after the heat treatment step [2, 3], 

The detection limits per chromatogram zone are 30-50 ng for tetracyclines [2, 3] and 
2 ng for 1- and 2-naphthol [1]. 

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000, and RP 
layers. 


1-Naphthol and 2-Naphthol [1] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck) that have been 

precleaned by developing once to the upper edge of the plate with 
chloroform — methanol (50+50) and then dried at 110°C for 
30 min. 

Mobile phase Toluene — triethylamine (30+10). 

Migration distance 6 cm 
Running time 12 min 

Detection and result: The chromatogram was freed from mobile phase in a stream of 
warm air, cooled to room temperature, immersed in the dipping solution for 4 s and 
then heated to 110 °C for 5 min. 

2-Naphthol (hR f 50-55) appeared as a pink and 1-naphthol (hR f 60-65) as a vio¬ 
let-green chromatogram zone on a pale yellow background. The detection limits were 
2 ng substance per chromatogram zone. 

In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the absorption maximum of 1-naphthol (X max = 460 nm, Fig. 1A) or at the ab¬ 
sorption maximum of 2-naphthol (X max = 520 nm, Fig. IB), as required. 


1 



A 


□ 

i/5 


I 


l 

B 



Fig. 1: Absorbance scan of a chromatogram track with 100 ng each of 2-naphthol (1) and 1- 
naphthol (2) per chromatogram zone: (A) scanned at X = 460 nm, (B) scanned at X = 520 nm. 
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Iodine Reagents 


It is very often advantageous in thin-layer chromatography to be able to obtain 
preliminary impression of a substance separation by first exposing the plate to a rapidl 
carried out, economically priced universal reaction before passing on to final charactei 
ization using group-specific or even better substance-specific reactions. 

Iodine is such a universal reagent. It was introduced by Mangold [i] as early as 196 
for the analysis of lipids and used again within a year by Barrett [2] as a “nondestrui 
tive reagent”. 

Detection by iodine is usually based on physical concentration of iodine molecule 
in the lipophilic chromatogram zones without any reaction occurring. Iodine is moi 
strongly enriched in the substance zones than in the neighboring polar, substance-fre 
silica gel or alumina layer. The result is brown chromatogram zones on a yellow bad 
ground [3]. 

Iodine is a less suitable reagent for use on moderately polar phases and RP material! 
The chemical modification of the silica gel that such layers have undergone makes ther 
considerably more lipophilic, so that the contrast between substance-coated chromate 
gram zone and substance-free background is not very strong. The same applies t 
polyamide layers. 

Documentation is carried out as soon as the iodine-colored chromatogram zone 
can be readily recognized. Then the adsorbed iodine can be allowed to evaporate in th 
fume cupboard or vacuum desiccator, so that the same chromatograms can be sub 
jected to further reactions and separation steps (e.g. SRS techniques, 2-D separation! 
coupling techniques such as TLC/GC etc.). The chromatogram zones can also b 
stabilized by spraying with 0.5 to 1 percent starch solution [4, 5]; the well-known blu 
clathrates that are formed (starch-iodine inclusion compounds) remain stable fc 
months. 

Some substances, e. g. penicillin and pyrazolinone derivatives, are poorly detected b 
“iodine staining” with detection limits of 2-4 pg substance per chromatogram zon 
[6, 7], The limits for lipids and for opium alkaloids lie with 50-500 ng [8] in the middl 
nanogram range [9]. 

Exposure of rhodamine 6G-impregnated silica gel layers to iodine vapor for two t 
five minutes followed by irradiation with UV light leads to the sensitive blue Colorado 
of the chromatogram zones on a greenish fluorescent background [8, 10]. 

In addition to the “iodine staining” resulting from adsorption or purely physics 
“solution” of the iodine molecules in the lipophilic chromatogram zones, man 
substances can also be made visible by chemical reaction with the iodine [9]. In sue 
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cases the interaction is not reversible since the iodine is covalently bound. It can readily 
be established whether there has been a chemical reaction between iodine and the test 
substances by application of the SRS technique [11]. 

Thus, in spite of its lack of reactivity, iodine reacts chemically with unsaturated com¬ 
pounds, whereby the silica gel of the TLC layer can sometimes be assigned a catalytic 
role [11, 12], Irreversible oxidations and electrophilic substitution and addition reac¬ 
tions have been observed on the interaction of iodine with tertiary nitrogen com¬ 
pounds; such reactions possibly depend on particular steric relationships or are favored 
by particular functional groups [13, 14]. 

The “iodine reaction” is possibly a one-electron oxidation with the initial formation 
of a radical cation: 


R: + 1/2 I 2 —»• Rt + I- 

Reactants Radical- 

cation 


This can then react in various ways, 
schematically: 


The following products can be derived 


R-O-OH 



Other oxidation 
products 


R—OH (Phenols) 


(Ox.) 


R 2 R=0 (Quinones) 

Dimers or 
oligomers 


Charge transfer complexes can also be formed, as shown using a tertiary nitrogen 
compound as an example. An iodine molecule first adds to the nitrogen compound: 

R3N + I 2 R3N • I 2 

The complex that is formed can dissociate to form a cation (/t-er-complex) and an 
iodide anion, with the iodide ion reacting with the excess iodine molecules that are pre¬ 
sent. In addition the decomposition of the /t-er-complex can lead to the formation of 
highly reactive iodine cations, which can initiate further reactions — e. g. oxidations or 
electrophilic substitutions of aromatic systems [11, 13], 


R 3 NI 2 —* R 3 N-I + I- 

U 

R 3 N + I + 

In acidic media the /t-er-complex can also produce periodide anions or periodide com¬ 
plexes; these — like the iodide anion — are appreciably less reactive than the iodine 
cation [13]. 


R 3 N -I + 21- + H + —< 


R 3 N - H + I 3 - 
R 3 N ■ HI 3 


Table 1 lists examples of the observation and demonstration of such reactions. 


Table 1: Examples of treatment with iodine leading to oxidation, addition or substitution products. 


Substances 

Sorbent 

Remarks 

References 

Estrone derivatives 

Silica gel GF 254 

lodination to 2-iodoestrone 
and 2,4-diiodoestrone 

[12] 

Polycyclic aromatic hydro¬ 
carbons, indole and quinoline 
derivatives, naphthylamines, 
azulenes 

Silica gel G 

Formation of oxidation 
products via the initially 
formed iodine complexes 

[15] 

Polycyclic aromatic hydro¬ 
carbons 

Silica gel G 

Monovalent oxidation of 
the iodine complexes via 
radical cations yields dimeric 
or tetrameric aromatics 

[16] 

Pyridine, pyrrole, indole, 
quinoline and isoquinoline 
alkaloids 

Silica gel G 

Detection by two-dimen¬ 
sional TLC 

[11] 

Emetine, cephaeline 

Silica gel 60 

After iodine treatment 
emetine fluoresces yellow 
and cephaeline blue 

[17] 
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Table 1: (continued) 


Substances 


Sorbent Remarks 


References 


Pharmaceuticals Silica gel Irreversible reaction of [18] 

iodine with acetylsalicylic 
acid, aethaverine, amido¬ 
pyrine, ascorbic acid, benzo- 
caine, quinine, dihydroco¬ 
deine, fluorescein, glycine, 
hydrocortisone acetate, isoni- 
azid, metamizole, papaverine, 
paracetamol, phenacetin, 
phenol-phthalein, piperazine, 
resorcinol, salicylic acid, 
salicylamide, sulfaguanidine, 
thymol, triethanolamine, tris 
buffer; detection by reaction 
chromatography 


Quinine alkaloids (quinine, cin- Aluminium oxide 
chonine), barbiturate derivatives, pH 8.6 
retinol, calciferol and chole- 
calciferol 


Elimination of vinyl groups, [14] 
addition of iodine to double 
bonds, ester cleavage; detec¬ 
tion by IR 


Morphine, oxymorphone Silica gel 

Opium alkaloids (morphine, Aluminium oxide 

codeine), acetylmorphine, oxyco- pH 8.6 
deinone, brucine, phenyl¬ 
butazone, ketazone, 
trimethazone 


lodination [19] 

Iodine addition to the ter- [13] 
tiary nitrogen of the opium 
alkaloids and to the OCH 3 
group of the brucine with 
formation of an o-quinone 
derivative, probably ring 
opening in the case of 
phenylbutazone, ketazone 
and trimethazone; detection 
by IR 


Thiols and thioethers (dithiaden. Aluminium oxide 
prothiaden, thiamine etc.) pH 8.3 


Oxidation of sulfur and at- [20] 
tack of the double bond in 
the thiazole ring 


Alkaloids (codeine, brucine), 
phenothiazines (promethazine), 
sulfonamides (sulfathiazole), 
vitamins (axerophthol, 
cholecalciferol) 


Aluminium oxide Irreversible complex forma- [21] 
pH 8.6 tion or saturation of double 

bonds; detection by IR 


So a check must always be made of whether the universal iodine reagent can be used 
for nondestructive testing or whether the substances undergo irreversible changes. The 
iodine reagents are preferentially used for the detection of lipophilic substances (fats, 
waxes, PAH’s eta) and since this chapter would be inordinately long if all the 
substances were listed and the references cited the iodine monographs that follow only 
include those classes of compounds where the use of iodine as a detection reagent seems 
unusual. 
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Reagent for: 

• Lipids 

e.g. fats, waxes, hydrocarbons [1-4] 

free fatty acids, diglycerides [5], fatty acid esters [6], 
prostaglandins [7], arene-cyclopentadienyl iron complexes [8] 

• Phospholipids 

e.g. lecithin [5, 9-11], sphingomyelin [10] 

phosphatidylcholine [12], dioleylphosphatidylcholine [13] 
ceramides [14], gangliosides [15] 

• Steroids [16, 17] 

e.g. cortisone, testosterone, corticosterone [18] 
estrone [19], 19-norsteroids [20] 

• Carotenoids [21] 

• Antioxidants 

e.g. cyclopentylphenols [22] 

• Hydroxyacetophenone [23] and benzophenone derivatives [24] 

• N-containing glycolate esters [25] 

• Diethyl phenyl phosphate derivatives [26] 

• Detergents and emulsifiers 

e.g. dodecyl benzenesulfonate, Triton X-100 [27] 
alcohol ethoxilates [27, 28], 
arlacel A [29] 

• Polymers 

e.g. polyethylene glycol derivatives [30, 31] 
polystyrene, polytetrahydrofuran [31] 

• Pesticides 

e.g. carbamates [32] 

such as propamocarb [33] 

e.g. aziridine derivatives [34] 

• Purine derivatives 

e.g. theophylline, caffeine [35, 36] 


Reagent for: 

• Pharmaceuticals 
e.g. antibiotics 

such as penicillins [37], maridomycines [38], ferrithiocin [39] 
e.g. amphetamines 

such as phentermine, methamphetamine, ephedrine [40] 
N-cyanobenzylamphetamine [41] 
e.g. benzodiazepines 

such as chlordiazepoxide [35], diazepam [35, 36] 
e.g. miscellaneous pharmaceuticals [42] 

such as propoxyphene [43], barbital [36], phenacetin, antipyrin [35], 
triamcinolone acetonide ester [44] 
germine, germine acetate and diacetate [45], 
xanthone [46], opium alkaloids [47], captopril [45] 

• Mycotoxins 

e.g. slaframine [48] 

• Carbohydrates [49] 

h 

M r = 253.81 


Preparation of the Reagent 


Iodine reagent 


Starch dipping 
solution 

Storage 

Substances 


Place a few iodine cystals on the base of a chamber that can be 
tightly sealed (e. g. twin- trough chamber). Violet iodine vaporizes 
and distributes itself homogeneously throughout the interior of 
the chamber after a few hours. Gentle warming of the iodine 
chamber accelerates the vaporization of the iodine. 

Dissolve 0.5 g soluble starch in 100 ml water with heating. 


The iodine chamber should be stored in the fume cupboard. 
Iodine 

Starch, soluble 
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Reaction 


Iodine is enriched to a greater extent in chromatogram zones coated with lipophilic 
substances than it is in a hydrophilic environment. Hence, iodine is only physically 
“dissolved” or adsorbed. Occasionally a chemical reaction also takes place, such as, for 
example, with estrone [19] (cf. “Iodine Reagents”). In general it may be said that the 
longer the iodine effect lasts the more oxidations, additions or electrophilic substitu¬ 
tions are to be expected. 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, cautiously 
placed in the iodine chamber and left there for varying periods of time, depending on 
the substance class (e.g. 5-10 s [1], 15-30 s [17, 50], 1 min [38], 5-15 min [11, 25] or 
even up to 30 min [22, 24] or for several hours [42]. 

Brown-violet chromatogram zones are generally formed on a yellow background and, 
in some cases, these fluoresce when viewed under UV light (X = 254 or 365 nm) after 
the evaporation of the excess iodine. Sometimes colorless chromatogram zones are 
formed on a brown background, for example, if the iodine reacts chemically with the 
substances that are chromatographed. 

Carotenoids immediately form an olive-green complex, which fades irreversibly if the 
exposure to iodine is prolonged [21]. 


Note: The iodine evaporates relatively quickly from the layer after a chromatogram has 
been removed from the iodine chamber. This evaporation of the iodine can be con¬ 
siderably delayed by covering the chromatogram with a glass plate; the edge can also 
be sealed with adhesive tape, if necessary. Iodine solution can also be used for detection 
instead of iodine vapor. 

Since iodine possesses fluorescence-quenching properties (true fluorscence quencher) 
iodine-containing chromatogram zones on layers containing fluorecence indicator F 254 
appear as dark zones on a yellow-green fluorescent background when viewed under UY 
light (A, = 254 nm) - even if there are only traces of iodine in the chromatogram zones. 

The chromatogram zones colored by iodine can be fixed later by treatment with a 
0.5-1% aqueous starch (amylose) solution. This yields the well known, deep blue 
iodine-starch inclusion complex which is stable over a prolonged period. This reaction 


is very sensitive and, hence, should only be carried out if there are only traces of iodine 
in the chromatogram zones, otherwise the whole background will be colored blue. 

Occasionally the starch treatment yields white chromatogram zones on a blue 
background (cf. procedure tested 2). This is probably a result of iodine being consumed 
by a chemical reaction with the zone leaving a large quantity of iodine in the 
background for the formation of a starch-iodine complex. Such effects are not observed 
on cellulose, CN and water-wetted RP 18 layers, possibly because insufficient adsorbed 
iodine is available in the neighborhood of the chromatogram zones for the formation 
of the blue complex or because, for example, the CN phase is not homogeneously wet¬ 
ted by the starch solution. 

The detection limits are generally a few pg substance per chromatogram zone. However, 
the iodine detection is appreciably more sensitive for some substances: it is possible to 
detect 200 ng glucose [49] and 10 ng propamocarb per chromatogram zone [33], 

The reagent can be used most advantageously on aluminium oxide, silica gel, 
kieselguhr, Si 50000, cellulose, diol and water-wettable RP 18 layers; there is less con¬ 
trast in color on strongly hydrophobic RP 18 phases. NH 2 and polyamide layers are 
not suitable because the iodine is too strongly bound and the whole layer is colored 
green-yellow. 


Procedure Tested 1 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

TLC plates cellulose (Merck) that have been impregnated by dip¬ 
ping in a solution of liquid paraffin petroleum ether (5 + 95) 
(40-60 °C) for 4 s and then dried in the air for 5 min, before ap¬ 
plication of the samples. 

Acetic acid (99%) 

12 cm 
1.5 h 

Detection and result: The chromatogram was freed from mobile phase in a stream of 
warm air and placed in an iodine chamber for 5 min. Brown chromatogram zones were 


Fatty Oils [51] 
Method 

Layer 

Mobile phase 
Migration distance 
Running time 
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formed on a light brown background (Fig. 1A). After waiting for a few minutes while 
the excess iodine evaporated from the layer the chromatogram was immersed in the 
starch solution for 1 s and dried in a stream of warm air. It was then possible to 
recognize the oil components as blue chromatogram zones on a light background 
(Fig. IB). 

In situ quantitation: The reagent was not suitable for quantitative in situ evaluations. 



A B 

Fig. 1: Chromatogram of fatty oils (9 |xg each per 10 mm band) after iodine vapor treatment (A) 
and after additional immersion in a starch solution (B): Track 1: avocado oil, Track 2: sunflower 
oil, Track 3: linseed oil, Thick 4: almond oil. 


Procedure Tested 2 


Migration distance 10 cm 
Running time 1.7S h 

Detection and result: The chromatogram was freed from mobile phase in a stream ol 
warm air and placed in an iodine chamber for 20 min. Brown chromatogram zones 
were formed on a pale yellow background (Fig. 2A); these faded very rapidly. 
Therefore, the chromatogram was immediately immersed for 1 s in the starch dipping 
solution and dried in a stream of cold air. 

Pink-colored chromatogram zones appeared on a blue background; these rapidlj 
changed color to white zones (Fig. 2B). 

In situ quantitation: The reagent was not suitable for in situ evaluations. 
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Fig. 2: Chromatogram of the detergent dehydrol LS 3 after iodine treatment (A) and after addi¬ 
tional treatment with starch solution (B); amount applied each time 10 gg as spots. 


Detergent Dehydol LS 3 [51] 
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Reagent for: 

• Lipids (fats, waxes, hydrocarbons) 

e.g. nitrobenzylarenes [1], cholesteryl esters [2, 3], lipopurothionine [4] 
mono- and diglycerides [5] 
unsaturated lipids [6] 

• Phospholipids 

e.g. phosphatidylcholine [7], phosphatidic acid [5] 
phosphonolipids [8, 9] 

• Polymers 

e.g. polyisoprene, polybutadiene [10] 
poly(methylmethacrylate) [10, 11] 
polyethylene glycols [12] 

• Pyrimidine nucleoside derivatives 

e.g. uridine derivatives [13] 

• Alkaloids 

e.g. codeine [14], emetine, cephaeline [15, 16] 
psychotrine [16], hippadine [17] 

• Pharmaceuticals [18] 

e.g. benzodiazepines [19], thalidomide [20] 

dithiocarbamoylhydrazine [21], neostigmine [14] 
4-amidinophenylpyruvic acid [22] 

6 -mercaptopurine derivatives [23] 
cnicine, artemisiifolin, salonitenolide [24] 

• Tertiary amines and quaternary ammonium compounds [25-27] 

• Pyrrolidine derivatives [28] 

• Imidazole derivatives [29] 

• Pentoxifylline [30] 

h 

M r = 253.81 


Preparation of the Reagent 


Dipping solution Dissolve 250 mg iodine in 100 ml petroleum ether [31], 

Spray solution Dissolve 1 to 5 g iodine in 100 ml methanol [2, 3, 5-7, 11, 12, 
chloroform [1, 4, 16, 18, 20, 24], carbon tetrachloride [15, 28,1 
petroleum ether [17], diethyl ether [26] or acetone [30]. 

Storage The reagent solutions may be stored in the refrigerator for an 

tended period. 


Substances Iodine 

Methanol 
Chloroform 
Carbon tetrachloride 
Petroleum ether 
Diethyl ether 
Acetone 


Reaction 


Iodine is enriched to a greater extent in chromatogram zones with a coating 
lipophilic substances than it is in a hydrophilic environment. Hence iodine is o 
physically “dissolved” or adsorbed. A chemical reaction occasionally takes place 
(cf. “Iodine Reagents”). 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, immer 
in the dipping solution for 3 s or homogeneously sprayed with the spray solution. O 
in exceptional cases, such as, for example, in the detection of emetine and cephaeli 
are the chromatograms then heated to 60-80°C for 10-20 min [15, 16, 31]. 

Brown chromatogram zones are generally produced on an almost colorless to p 
beige background; the zones occasionally fluoresce when examined under UV li 
(A. = 254 or 365 nm) [15, 16]. 
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Note: The last traces of mobile phase must be removed completely - if necessary by 
heating the chromatogram — before the reagent is applied [10]. For documentation it 
is recommended that the chromatogram treated with iodine be covered with a glass 
plate in order to prevent evaporation of the iodine. 

An aqueous 1 % starch (amylose) spray can be sprayed on later to intensify the color 
contrast between the chromatogram zones and the layer background; the well known 
blue-colored iodine starch inclusion complexes are formed. This later treatment with 
starch solution should only be carried out when the iodine excess has evaporated from 
the layer background so that only traces of iodine remain in the chromatogram zones. 
Otherwise the whole chromatogram will be colored dark blue (test at a corner of the 
chromatogram!). 

Iodine vapour can be employed as reagent in place of the iodine solution. Water- 
resistant layers can be treated with 0.5 to 1 % aqueous iodine solutions, e. g. 1 g iodine 
and 2 g potassium iodide dissolved in 30 ml water and made up to 100 ml with ethanol 
or LUGOL’s solution or dilute iodine tincture. These solutions all contain in addition 
potassium iodide to form the stable complex KI • I 2 with the iodine. This greatly 
reduces the evaporation of the iodine from the chromatogram so that later treatment 
of the chromatogram with the starch solution can lead to a complete blue coloration 
of the whole chromatogram, even after an extended period of waiting. Such a 
potassium iodide-containing iodine solution has been employed for example for the 
detection of choline [32], 

In the case of quaternary ammonium compounds the chromatograms can be treated 
afterwards with sodium nitrite solution in order to intensify the color [27]. 

The detection limits are mostly in the microgram range, for cephaeline and emetine 
they are 200 pg substance per chromatogram zone. 

The reagent can be used, for instance, on aluminium oxide, silica gel, kieselguhr and 
Si 50000 as well as on cellulose, polyamide, RP, CN, Diol and NH 2 phases. 


Procedure Tested 


Alkaloids in Ipecacuanha Tincture [31] 

Method Ascending, one-dimensional, two-fold development in a trough 

chamber with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 


Mobile phase Dichloromethane — methanol (85+15). 

Migration distance 2 x 7 cm 
Running time 2x15 min 

Detection and result: The chromatogram was dried in a stream of warm air for 5 min, 
immersed in the dipping solution for 3 s and then, after brief evaporation of the excess 
iodine, heated to 60°C on a hot plate for ca. 10 min. After cooling to room temperature 
it was placed for a further 5 min in the vacant trough of a twin-trough chamber, whose 
second chamber had been filled with 25% ammonia solution. 

Cephaeline (h/? f 6-11) appeared as blue and emetine (h/? f 10-15) as yellow fluores¬ 
cent chromatogram zones on a dark background when examined under long-wave¬ 
length UV light (X = 365 nm) (Fig. 1). Emetine - like cephaeline - also yielded a blue 
fluorescence on RP-2 and RP-18 layers. 

The detection limit was ca. 200 pg for emetine. 

Note: Under the conditions employed emetine and cephaeline were not well separated 
but there was good resolution of the subsidiary alkaloids of the ipecacuanha tincture 
(Fig. 1). The separation and quantitative determination of the main alkaloids (Fig. 2) 
can be carried out under the following conditions: Ascending, one-dimensional devel¬ 
opment in a trough chamber with chamber saturation; layer: HPTLC plates Silica gel 
60 (Merck); mobile phase: dichloromethane — methanol - ammonia solution (25%) 
(34+6+1); migration distance: 6 cm; running time: 13 min; h/? f : cephaeline 65-70; 
emetine 75-80. 



1 2 3 


Fig- 1: Chromatogram of ipecacuahna tincture and of the standard substances: 1 = emetine, 
2 = tincture, 3 = cephaeline. 
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In situ quantitation: For fluorimetric evaluation excitation was carried out at 
= 313 nm and the fluorescence emission of emetine was measured at > 460 nm 
(cut off filter FI 46). 



Fig. 2: Fluorescence scan of the chromatogram tracks of the standard substances cephaeline (A) 
and emetine (B) and of the ipecacuanha extract (C). Amounts applied: cephaeline 0.5 pg, 
emetine 0.7 pg per 10 mm track length. 
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Iodine-Potassium Iodide Solution, 
Acidic Reagent 


Reagent for: 


Alkaloids [1] 

Polyethylene glycols [1] 

Pharmaceuticals 

e.g. tertiary nitrogen compounds 

such as phenothiazines [2], phenylalkylamines, 
chlorphentermine, cloforex [3] 
e.g. antibiotics 

such as ampicillin and oligomers [4] 
penicillin [5] 
e. g. purine derivatives 

such as caffeine, theobromine, theophylline [6-8] 
Pesticides 
e.g. fungicides 

such as ridomil [9] 


M r = 253.81 


M r = 166.01 


Preparation of the Reagent 

Dipping solution Dissolve 0.4 g potassium iodide and 0.8 g iodine in 40 ml 96% 
ethanol and add 10 ml 25% hydrochloric acid [8], 

Spray solution I For alkaloids: Dissolve 1 g iodine and 10 g potassium iodide in 
50 ml water with warming, add 2 ml glacial acetic acid and make 
up to 100 ml with water [1], 
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Spray solution n For purine derivatives: 

Solution A: Dissolve 0.1 g potassium iodide and 0.2 g iodine in 
10 ml 96% ethanol [6, 7]. 

Solution B: Mix 5 ml 25% hydrochloric acid with 5 ml 96% 
ethanol [6, 7], 

Spray solution in For antibiotics: 

Mix 100 ml 1 % starch solution with 8 ml acetic acid and 1 ml 
0.1 N iodine solution [4], 

Storage The reagent solutions may be stored for an extended period. 

Substances Iodine 

Potassium iodide 
Hydrochloric acid (25%) 

Ethanol (96%) 

Acetic acid (100%) 

Starch, soluble 


Reaction 


Tertiary nitrogen and iodine initially form a n-o-complex, from which a strongly reac¬ 
tive iodine cation is produced; this cation can bring about electrophilic substitutions 
on aromatic systems or cause oxidations [2]. 

r 3 n + i 2 —► r 3 n-i + i- 
tl 

R 3 N: + 1+ 


In acidic medium the n-o-complex can also form periodide anions or periodide com¬ 
plexes and these — like the iodide anion - are appreciably less reactive than an iodine 
cation [2]. 


R 3 N-I + 21- + H + 


R 3 N-H + I 3 " 
RjN+HIf 


The detection of antibiotics depends on the fact that the iodine contained in the 
reagent reacts chemically with these and, hence, is no longer available in the chroma- 
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togram zones for the formation of the deep blue-colored iodine-starch inclusion com¬ 
pound. In the case of penicillin derivatives the 13-lactam ring is initially opened by alkali 
treatment or with suitable enzymes [10, 11]. The penicilloic acid thus formed reacts 
rapidly consuming 9 equivalents of iodine [10]. 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the dipping solution for 2 s or homogeneously sprayed with the suitable spray solu¬ 
tion and then dried in air or in a stream of cold air. Alternatively purine derivatives 
can be treated successively with the two spray solutions IIA and IIB (with 2 min air 
drying in between) [6, 7]. 

Spray solution III, which is suitable for the detection of antibiotics, also contains 
potassium iodide! To detect penicillin derivatives the chromatograms must first be 
placed - while still damp with mobile phase - for ca. 15 min in an ammonia chamber 
before treatment with spray solution III [5], 

This generally produces red-brown to blue-violet chromatogram zones on a sand- 
colored background. The detection of antibiotics with spray solution III yields almost 
colorless chromatogram zones on a blue background [4, 5]. 

Note: The dipping solution can also be used as spray solution. Since the chromatogram 
zones slowly fade in the air it is recommended that the chromatograms be covered with 
a glass plate for long-term storage. Color differentiation is possible with purine 
derivatives [6, 8]. Diprophylline is not colored [6]. 

The subsequent treatment with starch solution frequently employed after the iodine 
treatment for the stabilization and enhancement of the „iodine“ chromatogram zones 
cannot be employed here since the layers - even after lying in the air for several hours 
(evaporation of the excess iodine) - still contain so much iodine that the whole 
background is colored blue [8]. 

The detection limits for purine derivatives are 120-400 ng and for antibiotics 50 ng 
substance per chromatogram zone [4], 

The reagent can, for instance, be employed on silica gel, kieselguhr, Si 50000, cellu¬ 
lose and NH 2 layers; the reaction is appreciably less sensitive on RP 18, CN and Diol 
phases, neither is there any color differentiation of the purine derivatives [8], Cellulose 
and polyamide layers are not suitable, since the whole layer background is colored dark 
brown [8], 


Procedure Tested 

Purine Derivatives [6, 8] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Acetone - ethyl acetate - ammonia solution (25°/o) (75 + 23+2). 

Migration distance 6 cm 
Running time 15 min 

Detection and result: The chromatogram was dried in a stream of warm air, immersed 
in the dipping solution for 2 s, dried in the air for 2 min and then dried for a further 
2 min in a stream of cold air. Theophylline (h/? f 15-20) and caffeine (h/?f 65-70) were 
immediately visible as blue-violet chromatogram zones, while etophylline (h/? f 40-45) 
and proxiphylline (hR f 60-65) appeared a little later as brown zones on a sand-colored 
background (Fig. 1A). The detection limits for theophylline and caffeine lay at 120 ng 
substance and for etophylline and proxiphylline at 400 ng substance per chromatogram 
zone. 

In situ quantitation: The absorption photometric scans were carried out in reflectance 
at a wavelength of X = 500 nm (Fig. IB). 



300 


Iodine-Potassium Iodide Solution, Acidic Reagent 


A 



Fig. 1: A) Chromatogram of xanthine derivatives: Track 1: theophylline, Track 2: proxiphylline, 
Track 3: mixture, Track 4: etophylline, Track 5: caffeine. 

B) Reflectance scan of a chromatogram track with 1.7 pg theophylline (1), 3 pg each etophylline 

(2) and proxiphylline (3) and 1.6 pg caffeine (4) per chromatogram zone. 
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Iodine-Potassium Iodide Solution- 
Sodium Azide-Starch Reagent 

(Awe’s Reagent, Iodine Azide 
Reaction) 


Reagent for: 

• Sulfur-containing compounds [1-3] 
e.g. thiols [4, 5] and thioethers [5] 

sulfide ions [4] 
thiourea derivatives 

such as phenylethyl- and 4-pentenylthiourea [4] 
N-ethyl-N'-benzylthiourea [6] 
oxazolidinethione derivatives [4] 
thiazolidine derivatives [7] 

S-containing amino acids 

such as cystine, methionine [3], cysteine [8] 

thiohydantoin derivatives [17], PTH amino acids [9-12] 

• Penicillin derivatives and cephalosporins 
e.g. penicillic acid, oxacillin, clonacillin, 

methicillin, ampicillin, ceporin, cephalosporin C [8] 

• Thiophosphorus compounds 

e.g. phosphordithioates, disulfides, alkylphosphinsulfides [5] 

• Pesticides 

e.g. thiophosphoric acid insecticides [5] 

1,4-oxathiine derivatives [13] 
ridomil (acylon) [14] 

h NaN 3 (C 6 H| 0 O 5 ) n 

M r = 253.81 M r 65.01 M r = 6500-8000 
Iodine Sodium azide Starch 



302 


Iodine-Potassium Iodide Solution-Sodium Azide-Starch Reagent 


Preparation of the Reagent 

Dipping solution I Dissolve 0.5 g soluble starch in 100 ml water by heating to boiling 
[15]. 

Dipping solution II Dissolve 0.25 g iodine and 0.4 g potassium iodide in 100 ml 
water. Dissolve 0.4 g sodium azide in this solution [15]. 

Spray solution II Dissolve 1-3 g sodium azide in 100 ml 0.005 N [8] to 0.1 N iodine 
solution [1, 13] and dilute with 100 ml ethanol, if necessary [6]. 
Alternatively, a solution of 1.27 g iodine in 100 ml 95% ethanol 
can be mixed with a solution of 3.25 g sodium azide in 75% 
ethanol in the volume ratio 1 + 1, immediately before spraying 
[14]. 

Storage Dipping solution I may be stored for an extended period; dipping 

solution and spray solution II should be stored in the refrigerator 
and made up fresh every other day [11]. 

Substances Iodine 

Sodium azide 
Potassium iodide 

Iodine solution 0.05 mol I 2 /L (= 0.1 N sol’n) 

Starch, soluble 
Ethanol 


Reaction 


The detection depends on the “iodine azide reaction” that normally takes place very 
slowly and during the course of which sodium azide reacts with iodine to form sodium 
iodide with the production of nitrogen: 

I 2 + 2NaN 3 —► 2NaI + 3N 2 

This reaction is catalyzed by the presence of divalent sulfur - e.g. sulfur ions, 
substances with S-S links, thioethers, thiazoles. If such substances are present in a 
chromatogram zone then the iodine applied with the reagent is consumed by reaction 
with sodium azide according to the above reaction. It is no longer available for the for- 
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mation of the deep blue-colored iodine starch inclusion compound (clathrate complex) 
with the starch solution that is also applied [3, 13, 16]. 


Method 

The chromatograms are freed from mobile phase in a stream of warm air, initially im¬ 
mersed in dipping solution I for 1 s or sprayed homogeneously with it and then, after 
brief intermediate drying in a stream of cold air, either immersed in dipping solution II 
for 1 s or homogeneously sprayed with spray solution II. 

In the case of penicillins and cephalosporins the chromatograms are first sprayed 
with 2 N sodium hydroxide solution [8]. 

This yields colorless to slightly yellow chromatogram zones on a deep blue-colored 
background. 

Note: Alternatively 1% solutions of starch, iodine and sodium azide may be sprayed 
successively onto the chromatogram in that order [4, 9]. Other orders of application 
are also referred to in the literature [1, 2, 17] and sometimes the starch is also worked 
into the layer so that it is not necessary to spray with it [11, 12]. Sometimes the treat¬ 
ment of the chromatograms with starch solution is omitted [5, 6, 14]; in such cases col¬ 
orless chromatogram zones appear on a brown layer background. 

However, the starch solution should not be omitted completely since the color dif¬ 
ference between the chromatogram zones, in which the iodine is reduced to colorless 
iodide according to the “iodine azide reaction” mentioned above, and the background 
colored brown by unreacted iodine is considerably less than the difference in color be¬ 
tween the deep blue background provided by the starch-iodine clathrate complex and 
the pale chromatogram zones. 

The blue coloration of the background rapidly changes to brown [11] and then 
gradually fades [8]. The color change of the background from blue to brown on com¬ 
plete drying of the layer is reversible: The blue color can be regenerated by treatment 
with water vapor [15], 

Ridomil, with which the treatment with starch solution was not carried out, is said 
to yield brown chromatogram zones on a pale yellow background [14]. Hence, it may 
be assumed that this detection is based not on the “iodine azide reaction” but on the 
physical adsorption and enrichment of iodine in the lipophilic chromatogram zones (cf. 
“Iodine Reagents”). 

The detection limits for ridomil are 2.5 pg, for penicillin derivatives and cephalo¬ 
sporins 0.5-1 pg [8], for thiophosphate compounds 30 ng — 10 pg and for PTH amino 
acids and 1,4-oxathiine derivatives 200 ng substance per chromatogram zone [11, 13]. 
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The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, NH 2 and 
Diol layers; RP-18W, CN, polyamide and cellulose phases are not suitable [15], 


Procedure Tested 


Thiophosphate Insecticides [IS] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough chamber 
without chamber saturation. 

TLC plates Silica gel 60 F 2 5 4 (Merck). 

/j-Hexane — tetrahydrofuran (5 +1). 

7 cm 

15 min 


Detection and result: The chromatogram was freed from mobile phase in a stream of 
warm air, immersed in dipping solution I for 1 s and then dried for 5-10 min in a 
stream of warm air. Then the cooled TLC plate was immersed for 1 s in dipping solu¬ 
tion II. 

Azinphos ethyl (h/? f 20-25), malathion (h R f 40-45) and diazinone (hjR f 47-52) 
yielded white chromatogram zones on a blue background immediately. Before in situ 
quantitation the chromatogram was dried in the air until no film of moisture could be 
seen on the layer surface. It was then dried completely in a stream of warm air whereby 
the blue coloration of the background changed to brown (Fig. 1). The visual detection 
limits were 200 ng substance per chromatogram zone. 

In sitn quantitation: The absorption photometric measurements in reflectance were 
made at a wavelength X = 590 nm (Fig. 2). 


A 


B 


Fig. 1: Chromatogram of the thiophosphate insecticides (each ca. 500 ng) after treatment with 
dipping solutions I and II (A) before and (B) after complete drying of the TLC plate. Tracks 1 
and 5: mixture; Track 2: azinphos ethyl; Track 3: malathion; Track 4: diazinone. 
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Fig. 2: Reflectance scan of a chromatogram track with 500 ng azinphos ethyl (1), 580 ng 
malathion (2) and 590 ng diazinone (3) per chromatogram zone. 
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Iron(III) Chloride Reagent 


Reagent for: 

• Phenols [1-7] 

e.g. flavonoid glycosides and aglycones [8-14] 
catechols [15, 16] 
tannins [17-19] 

such as gallic acid and its esters [16] 
phenolic pharmaceuticals [20] 
such as phenothiazines [20] 

acetylsalicylic acid [22] 
hydroxycinnamic acid derivatives 
such as caffeic acid, chlorogenic acid [23] 

1-hydroxyacridone alkaloids [24] 
gentisyl alcohol [25], gentisyl acid [20] 
fungal toxins 

such as orellanin, orellinin, orellin [26] 
mycophenolic acid [27] 

• Enols 

e.g. a-ketolactones [28] 

• Hydroxamic acids [7, 29] 

• Mycotoxins 

e.g. penitrem A [30] 

• Cholesterol and its esters [34] 

• Ergot alkaloids [35] 

• Inorganic anions 

e.g. nitrite, iodate, chromate, vanadate, selenite, selenate, 
hexacyanoferrate(II) and (III) ions [31] 
thiocyanate (rhodanide) ions [32] 

FeCl 3 • 6H z O 


M. = 270.30 




iron(Ui) Chloride Reagent 


Preparation of the Reagent 

Dipping solution Dissolve 1 g iron(III) chloride hexahydrate in 5 ml water and 
make up to 100 ml with ethanol [7], 

Spray solution Dissolve 0.1 to 10 g iron(III) chloride hexahydrate in 100 ml etha¬ 
nol [9, 17, 19, 21, 24], methanol [3, 4, 8, 15, 23, 27], 1-butanol 
[30], water [5, 20, 31, 32] or dilute hydrochloric acid [7, 29]. 

Storage The reagent solutions may be stored in the refrigerator (4°C) for 

several days. 

Substances Iron(III) chloride, hexahydrate 

Methanol 
Ethanol (95%) 


Reaction 

Iron(III) chloride forms colored complexes with phenols. 


Method 

The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the dipping solution for 1 s or homogeneously sprayed with the spray solution and 
then heated to 100-110°C for 5-10 min. 

Variously colored chromatogram zones are produced, usually before heating, on a 
colorless to pale beige-yellow background. 

Flavanones appear red to blue-violet [8], other flavonoid glycosides green, red- 
brown, wine red and red to blue-violet [11, 13], catechols green to blue [15], tannins 
blue [17], phenothiazines pink [21], 1-hydroxyacridone alkaloids green [24], penitrem A 
green to blue-green [30], inorganic anions pale yellow to blue-green [31]. 

Note: Dilute acetic acid [22], cone, sulfuric acid [25, 34, 35] have also been recom¬ 
mended for making up the reagent, as have anhydrous iron(III) chloride in dioxane or 
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chloroform [5], A post-reaction treatment with saturated sodium carbonate soluti 
was described in some cases [23]. 

The detection limits for phenols are 20-100 ng substance per chromatogram zo 

[33]. 

The reagent can, for instance, be employed on silica gel, kieselguhr, Si 50000, cel 
lose and polyamide layers. 


Procedure Tested 


Aminophenols [33] 

Method Ascending, one-dimensional development in a trough chamt 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck) that have be 

precleaned by developing once to the upper edge of the plate w 
chloroform — methanol (50+50) and then dried at 110°C 1 
30 min. 

Mobile phase Toluene — methanol (18 + 9). 

Migration distance 5 cm 
Running time 10 min 

Detection and result: The chromatogram was dried in a stream of warm air for 10 m 
immersed in the dipping solution for 1 s and then heated to 110°C for 5 min or 
hotplate. 

On a beige-yellow background 2-aminophenol (h/? f 55-60) appeared as ocl 
brown, 4-aminophenol (h/? f 40-45) as violet-brown and 4-aminosalicylic acid (h 
20-25) as pale brown-violet chromatogram zones. 

The detection limits lay at 20 ng substance for 2-aminophenol, 50 ng substance I 
4-aminosalicylic acid and 100 ng substance for 4-aminophenol per chromatogram zoi 

In situ quantitation: The absorption photometric scans were carried out in refit 
tanceat a wavelength of either X = 460 nm (X max (2 -amino P henoi)) or ^ = 520 i 

1 (4-aminophenol)) (^8- !)• 



X = 460 nm; (B) scanned at X = 520 nm. 
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Iron(III) Chloride-Potassium 
Hexacyanoferrate(III) Reagent 

(Barton’s Reagent) 


Reagent for: 

• Aromatic amines [1, 3] 
e.g. anilines 

• Phenols [3] 

e.g. salsonilol, dopamine [4], 

lignans, pyrogallol derivatives [5], 
zingerone [7], 

gallic acid, gallotannins [8], 
curare alkaloids (tubocurarine [9]) 

• Phenolic steroids [10-13], 
e.g. estrone, estradiol, estriol 

• Analgesics 

e.g. aminophenazone [14] 

• Anti-inflammatories 

e.g. carprofen, zomepirac, diclofenac [15] 

• Enamino ketones [16] 

• Enol ketones [17] 

• Thiosulfates [3] 

• Isothiocyanates (mustard oils) [3, 19, 20] 

• Thiourea derivatives [19, 20] 

• Degradation products of carbamate insecticides [18] 
e.g. mexacarbates, matacil, landrin 

FeCl 3 • 6H 2 0 K 3 [Fe(CN) 6 ] 

M r = 270.30 M r = 329.26 

Iron(III) chloride Potassium hexacyanoferrate(III) 


Preparation of the Reagent 


Solution I 
Solution II 
Solution III 

Solution IV 


Dissolve 1 g potassium hexacyanoferrate(III) in 100 ml water. 

Dissolve 2 g iron(III) chloride hexahydrate in 100 ml water. 

Dissolve 0.3 to 2 g potassium hexacyanoferrate(III) in 100 ml 
water. 

Dissolve 0.3 to 10 g iron(III) chloride in 100 ml water. 


Dipping solution Immediately before use mix 10 ml water, 8 ml solution I, 2 ml so¬ 
lution II and 1 ml 32% hydrochloric acid in a measuring cylinder 
and make up to 100 ml with methanol [2], 


Spray solution Immediately before use solutions III and IV are mixed, generally 
in equal proportions [1, 3, 6-8], 

Storage Solutions I - IV may be stored in the refrigerator with the exclu¬ 

sion of light for ca. 2 weeks [6], 


Substances Iron(III) chloride hexahydrate 

Potassium hexacyanoferrate(III) 
Hydrochloric acid (32%) 
Methanol 


Reaction 


Some of the iron(III) ions in the reagent are converted to iron(II) ions by reducing sub¬ 
stances and then react to produce Prussian blue or Hirnbuix’s blue. 

4Fe 3+ + 3Fe n (CN) 6 4 - - Fe III [Fe ,I, Fe ,, (CN) 6 ] 3 
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Method 

The chromatograms are freed from mobile phase in a stream of warm air, then immersed 
in the dipping solution for 2 s or uniformly sprayed with the spray solution. In the casa 
of anti-inflammatories, the plates are then heated to 110°C for 5-10 min [15]. 

Blue chromatogram zones are produced on an almost colorless to pale yellow back' 
ground. 

Note: The dipping solution can also be used as a spray solution. When using the spray; 
solution it is possible to increase the color intensity by spraying afterwards with hydros 
chloric acid (c = 2 mol/L) [16]. The blue chromatogram zones remain readily visibly 
for ca. 15 to 30 min; then they begin to fade, while the background gradually acquire* 
a blue coloration [14]. 

The detection limits per chromatogram zone are 100-200 ng for gallic acid and 
aminophenazone [8, 14] and 10-15 ng for uric acid [6], * 

The reagent can be used, for example, on silica gel, kieselguhr. Si 50000 and cellulose) 
layers. 


Procedure Tested 

Substituted Anilines [2] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase Toluene 

Migration distance 8 cm 
Running time 15 min 

Detection and result: The chromatogram was freed from mobile phase in a stream oi 
cold air for ca. 10 min, immersed in the dipping solution for 2 s, dried for 5 min ifl 
a stream of cold air and then heated to 110°C for 1 min. i 

2,3-Dimethylaniline (h/? f 5-10), 4-chloro-2-methylaniline (h/? f 15-20), 3,4 
dichloroaniline (h R { 25-30), 3,5-dichloroaniline (h R f 40-45), 2,3-dichloroaniline (hR ( 
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45-50) and 2,5-dichloroaniline (h/? f 60-65) appeared as pale blue-turquoise-colore 
chromatogram zones on a beige-colored background. The detection limits per chrr 
matogram zone ranged from 2 ng (2,3-dimethylaniline) to 10 ng (4-chloro-2-methy 

aniline). 

In situ quantitation: The absorption photometric scan in reflectance was carried oi 
at a mean wavelength of X = 670 nm (Fig. 1). 
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Fig. 1: Reflectance scan of a chromatogram track with 200 ng 2,3-dimethylaniline (1), 100 ng eai 
of 4-chloro-2-methylaniline (2), 3,4-dichloroaniline (3), 3,5-dichloroaniline (4) and 200 ng each 
2,3-dichloroaniline (5) and 2,5-dichloroaniline (6) per chromatogram zone. 
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8-Mercaptoquinoline Reagent 


Reagent for: 

• Cations 

e.g. tin, lead, copper [1] 



SH • HC1 
C 9 H 7 NS • HC1 
M r = 197.69 


Preparation of the Reagent 


Dipping solution 


Storage 


Substances 


Dissolve 100 mg 8-mercaptoquinoline hydrochloride (thioox 
hydrochloride) in 100 ml ethanol [1]. 

The dipping solution may be kept in the refrigerator for t 
weeks [1]. 

Thiooxine hydrochloride 
Ethanol 


Reaction 


Like 8-hydroxyquinoline [2] 8-mercaptoquinoline forms colored and fluorescent cc 
plexes with many metal cations. 
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8-Mercaptoquinoline Reagent 


3 



Method 


The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the dipping solution for 3 s or sprayed homogeneously with it and then dried in a 
stream of cold air for 5 min. 

Yellow-colored chromatogram zones are produced that fluoresce yellow when ex¬ 
posed to long-wavelength UV light (X = 365 nm). 

Note: The detection limits are in the lower nanogram range. 

The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, cellulose 
and RP layers. 


Procedure Tested 


Organotin Compounds [1] 

Method Ascending, one-dimensional stepwise development (10 min inter¬ 

mediate drying in a stream of cold air) in a trough chamber with 
chamber saturation during the second development. 

HPTLC plates Silica gel 60 (Merck). 

1. Diethyl ether — glacial acetic acid (20 + 1). 

2. Isobutyl methyl ketone - glacial acetic acid - n-hexane — 
tetrahydrofuran - dioxane (8 + 2+1 + 1 + 1). 

1. 1.5 cm 

2. 6 cm 

Running time 1. 2 min 

2. 15 min 


Layer 

Mobile phase 

Migration distance 


Detection and result: The chromatogram was dried for 5 min in a stream of cold a 
the organotin compounds were then converted to tin(IV) species by irradiating intense 
for 20 min with UV light. Then the layer was immersed in the reagent solution for 3 
and dried for 5 min in a stream of cold air. 

Dimethyltin dichloride (h/? f 15-20), trimethyltin chloride (hR f 55-60), dibutyll 
dichloride (hR f 70-75) and tributyltin methoxide (hR f 80-85) appeared in long-wa\ 
length UV light (X = 365 nm) as yellow fluorescent chromatogram zones on a da 
background. The detection limits (calculated as Sn) lay between 5 and 10 
(dimethyltin dichloride, dibutyltin dichloride, tributyltin methoxide) and 50 
(trimethyltin chloride) substance per chromatogram zone. 

In situ quantitation: Fluorimetric measurements were made by exciting 
Kxc - 365 nm and measuring the fluorescence emission at X n > 560 nm (cut off fil 
FI 56). 


1 



Fig. 1: Fluorescence scan of a chromatogram track with 100 ng substance (calculated as Sn) e 
per chromatogram zone: 1 = dimethyltin dichloride, 2 = trimethyltin chloride, 3 = dibuty 
dichloride, 4 = tributyltin methoxide. 
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l,2-Naphthoquinone-4- 
sulfonic Acid Reagent 

(Folin’s Reagent) 


Reagent for: 


• Amino adds, peptides [1] 

• Aromatic amines [1, 4, 5] 
e.g. parsalmide [6] 

• Piperidine derivatives [7] 
e.g. taurinopiperidine 

• Aliphatic amines [8] 

• Ergot alkaloids, LSD [9] 

• Phenolic aromatic sulfides, sulfoxides, sulfones [10] 

• Diuretics [11] 

e.g. chlorthalidon, clorexolone, cyclopenthiazide 



SQ 3 Na 


C 10 H 5 NaO 5 S 
M r = 260.20 


Preparation of the Reagent 


Dipping solution For aromatic amines : Dissolve 0.5 g l,2-naphthoquinone-4- 
sulfonic acid sodium salt in 30 ml water and add 65 ml ethanol 
and 5 ml acetic acid [5]. 




ill 


t,2-i\aptittioquinone-4-sulfonic Acid Reagent 


Spray solution For amino acids : Dissolve 0.2-0.3 g l,2-naphthoquinone-4- 
sulfonic acid sodium salt in 100 ml aqueous sodium carbonate 
solution (5-10%) [1], 

For aromatic amines: Dissolve 0.5 g 1,2-naphthoquinone-4-, 
sulfonic acid sodium salt in 95 ml water and treat with 5 ml gla¬ 
cial acetic acid [1, 6]; if necessary, filter off the insoluble part [1]. 

For aliphatic amines: Dissolve 0.6 g l,2-naphthoquinone-4- 
sulfonic acid sodium salt in 12 ml water, make up to 200 ml with 
ethanol (90%) and add 10 ml pyridine [8]. 

Storage The dipping solution may be stored in the refrigerator for several 

days [5], the spray solution for amino acids should always be 
made up fresh [1], 

Substances l,2-Naphthoquinone-4-sulfonic acid sodium salt 

Ethanol 

Acetic acid (100%) 

Sodium carbonate decahydrate 


Reaction 


Primary amines and substances with reactive methylene groups react with 1,2- 
naphthoquinone-4-sulfonate to yield intensely colored p-quinoid derivatives, which, in 
the case of aryl amines, are indophenol dyes [12, 13], 



l,2-Naphthoquinone-4- Aniline p-Quinonoid derivative 
sulfonic acid Na Salt 


l,2-Naphthoquinone-4-sulfonic Acid Reagent 3 

Method 

The chromatogram is freed from mobile phase in a stream of warm air, immersed 
the dipping solution for 2 s or homogeneously sprayed with the spray solution until I 
layer begins to be transparent and then dried in a stream of cold air [1]. 

After a few minutes variously colored chromatogram zones appear on a yellow 
background. 

Note: It is possible to differentiate amino acids by color on the basis of the mark© 
different shades produced [2, 3], Proline and hydroxyproline, that only react wea 
with ninhydrin, also yield pink-red colored derivatives [2]. Ergot alkaloids and LSD 
detected by spraying with 10% hydrochloric acid and then heating to 110°C for 20 n 
after they have been treated with the reagent [9]. Ergot alkaloids and LSD yield red 
purple zones when treated in this manner; other alkaloids, e.g. reserpine, emetine, c 
nine, strychnine, pilocarpine, atropine, scopolamine, cocaine and opium alkaloids, 
not give a reaction [9], 

In the case of diuretics the chromatogram is first sprayed with sodium hydroxide 
lution (c = 1 mol/L) and then with a saturated solution of 1,2-naphthoquinont 
sulfonic acid sodium salt in ethanol - water (50+50) [11], Stable orange-colored ch 
matogram zones appear over a period of ca. 15 min, their intensity increases on stor 
in the dark (1-2 days) [11]. 

Amino acids yield various colors [1]. 

Heating the chromatograms after treatment is not generally to be recommended, 
it leads to characteristic color changes in some cases [4]. 

The detection limits per chromatogram zone are 1 - 3 pg substance for ergot alkalc 
[9], 5 pg for diuretics [11] and 5-30 ng for aromatic amines [5]. 

The reagent can, for instance, be used on silica gel, kieselguhr, Si 50000, alumini 
oxide, polyamide and cellulose layers. 
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Procedure Tested 


Aromatic Amines [5] 

Method Ascending, one-dimensional, stepwise development (5 min inter¬ 

mediate drying in a stream of cold air) in a trough chamber at 
20 °C without chamber saturation. 

Layer HPTLC plates Silica gel F 2 5 4 (Merck), which had been 

prewashed before use by complete immersion overnight in 2- 
propanol and then dried at 110°C for 30 min. 

Mobile phase 1. Methanol — glacial acetic acid (100+1). 

2. Chloroform — n-hexane - diisopropyl ether — 
dichloromethane - formic acid (50+35 + 10+5+0.45). 

Migration distance 1. 0.8 cm 
2. 6.5 cm 

Running time 1. 1 min 

2. 25 min 

Detection and result: The chromatogram was freed from mobile phase in a stream of 
cold air for 5 min, immersed in the dipping solution for 2 s and then dried in stream 
of cold air. 

After a few minutes 2,4-diamino-6-methylphenol (h/? f 5-10), 3-chloro-4-methoxy- 
aniline (h/? f 25-30), aniline (h/? f 35-40), 4-bromoaniline (hJ? f 40-45), 3-chloroaniline 
(h7? f 50-55), 2,6-dimethylaniline (hi? f 60-65), 2-methyl-6-ethylaniline (hR f 65-70) and 
2-chloroaniline (h/? f 70-75) yielded orange-colored chromatogram zones on a yellow 
background. The detection limits were between 5 ng (2,4-diamino-6-methylphenol) and 
30 ng (2,6-dimethylaniline) substance per chromatogram zone. 

In situ quantitation: The absorption photometric analysis in reflectance was carried out 
at the wavelength X = 510 nm (Fig. 1). 
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Fig. 1: Reflectance scans of a chromatogram track with 100 ng each of: 1 = 2,4-diamino- 
methylphenol, 2 = 3-chloro-4-methoxyaniline, 3 = aniline, 4 = 4-bromoaniline, 5 = 3-chloi 
aniline, 6 = 2,6-dimethylaniline, 7 = 2-methyl-6-ethylaniline and 8 = 2-chloroaniline. 
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arylamines [9] 

imipramine, desipramine [10, 11] 
xanthene derivatives [12] 
diazepam [2] 

• Testosterone [2] 

• Acetylacetonates 

e. g. of Be, Al, V, Fe, Ce, Mn [2] 

• Sugars 

e.g. fructose, glucose [2] 

• 1,1 '-Carbonyldiimidazole [2] 

• Phospholipids 

e.g. lecithin, sphingomyelin [14] 

hno 3 

M r = 63.01 
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Nitric Acid Vapor Reagent 

(Nitrous Fumes/Nitric Oxide Reagent) 


Reagent for: 

• Aromatics and compounds with aromatic substituents 
e.g. ephedrine [1, 2] 

methylephedrine, oxeladin citrate [1] 
catecholamine and serotonin metabolites [3] 
insecticides: rotenone, elliptone, deguelin, tephrosin [4] 
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Nitric Acid Vapor Reagent 


Preparation of the Reagent 


Reagent solution Fuming nitric acid. 

Storage Fuming nitric acid may be stored for several months in a tightly 

sealed brown glass bottle. 

Substances Nitric acid, fuming (100%) 


Reaction 


Under the chosen conditions aromatic compounds are nitrated to nitroaromatics [1]. 
The detection of rotenone [1] (see below) depends on the reduction of silver ions, incor¬ 
porated into the layer, to metallic silver in the presence of ammonia [4]. The mechanism 
of the reaction of many substances leading to fluorescent derivatives has not yet been 
elucidated [2], 


Method 


The chromatogram is freed from mobile phase in a stream of warm air and placed layer 
down for 40-45 s [6, 7], 1 min [5, 8], 3 min [1, 4], 10 min [1, 14] or 30-60 min [11] in 
a conditioning chamber containing 40 ml fuming nitric acid. The chromatogram is then 
freed from excess nitrous fumes for 5 min in a stream of cold air and occasionally 
heated to 160 °C [1, 2] or 180 °C [14] for 15 min. In the case of the rotenone insecticides 
(silver nitrate-impregnated layer!) the chromatogram is exposed to an atmosphere of 
ammonia for 10 min after it has been reacted with nitrous fumes [4], while for xanthene 
derivatives reaction is followed by irradiation with short-wavelength UV light 
(X = 254 nm) for 5 min [12], 

Aromatic compounds generally yield yellow to brown chromatogram zones that usu¬ 
ally absorb UV light at X = 270 nm [1], These compounds can frequently be excited to 
fluoresce by long-wavelength UV light (X = 365 nm) [2, 12], Rotenoides yield dark [4], 
arylamines, e.g. imipramine and desipramine, pale yellow to brown-red [9, 11] and 
catecholamines yellow chromatogram zones on a pale background [3], A whole range 
of substances, e.g. xanthene derivatives, diazepam, testosterone, glucose, fructose, 


ephedrine etc., fluoresce yellow or blue when excited by long-wavelength UV li : 
(X = 365 nm) [2, 12], 

Note: Nitrous fumes can also be generated in a twin trough chamber e.g. by pour 
50% nitric acid [12], hydrochloric acid (c = 2 mol/L) [11] or sulfuric acid onto sodi 
nitrite. 

It can be advantageous to heat the chromatogram to 160 °C for 15 min before tr< 
ing with nitrous fumes and to place it in the reagent chamber while still hot [1]. Heat 
to 260 °C has even been recommended for the purpose of reducing the fluorescent ba 
ground [14], whereby the layer is previously immersed in 1 percent Ludox solut 
(silicic acid sol) to increase its stability [2], The fluorescence of the substances detec 
usually remains stable for at least 2 weeks [2]. 

Brief exposure to nitrous fumes (up to 3 min) leaves the fluorescent power of 
acid-instable fluorescence indicator F 254 , incorporated into most TLC layers, larj 
unaffected, so that the nitroaromatics so formed can be detected as dark zones c 
green fluorescent background [1]. For purposes of in situ quantitation it is rec< 
mended that the fluorescence indicator be destroyed by 10 min exposure to nitr 
fumes in order to avoid difficulties in the subsequent evaluation [1]. 

The visual detection limits per chromatogram zone are 2.5 to 3.5 pg for pyrazoli) 
one compounds [6], 1-2.5 pg for arylazothiazoles and arylazopyrimidinylpyrazole: 
7] and 2.5-4 pg for benzothiazoles [8]. Nanogram quantities can be detected by phi 
metric methods [10, 14], 

The reagent can be used, for example, on silica gel, kieselguhr and Si 50000 la 
as well as on aluminium oxide, cellulose or chiral layers. Neither do difficulties o< 
on RP 18, Diol, NH 2 and CN phases. Silver nitrate- [4] and calcium oxalate-imp 
nated layers [9] are also suitable. However, polyamide phases are colored yellow. 

Danger: Fuming nitric acid is very aggressive; eye protection and rubber gloves she 
always be worn! 
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Nitric Acid Vapor Reagent 


t\itnc Acta vapor Keagem 


jji 


Procedure Tested 


References 


Fungicides [13] 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

HPTLC plates Silica gel 60 F 254 (Merck). 

Toluene — n-hexane — diisopropyl ether — ethyl acetate 
(67+20+8 + 5). 

7 cm 

15 min 


Detection and result: The dried chromatogram (5 min in a stream of cold air) was 
heated to 160 °C for 15 min and placed, while still hot, for 10 min in the empty half 
of a twin trough chamber whose other trough contained 10 to 15 ml fuming nitric acid. 
After exposure the chromatogram was heated to 160 °C for 15 min to remove excess ni¬ 
tric oxide. Scanning was carried out after cooling. It was not possible to make a visual 
check of the fungicides (= 1 pg each) iprodione (h/? f 10-15), procymidon (hjR f 35-40) 
and vinclozolin (h/? f 55-60) investigated, due to the yellow coloration of the chro¬ 
matogram zones. 


In situ quantitation: The absorption photometric scan in reflectance was carried out 
at X = 270 nm (Fig. 1). 

2 



Fig. 1: Reflectance scan of a chromatogram track with 1 pg each per chromatogram zone: 
1 = iprodione, 2 = procymidon, 3 = vinclozolin. 
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4-Nitrobenzenediazonium 
Tetrafluoroborate Reagent 


Reagent for: 


• Phenols [1-7] 

e.g. plant phenols [8] 
estrogens [9] 
procyanidins [10] 
catecholamines [11] 

• Zearalenone [12] 

• Aromatic amines [13] 

e. g. diphenylamine (anti-ageing additive) [14] 

• Pesticides 

e.g. carbamate insecticides [1, 4, 7, 8, 15-19] 

such as desmedipham, dioxacarb, phenmedipham, 
propoxur, pyrazon, aminocarb, aldicarb, 
carbofuran, carbaryl, oxamyl 

e.g. carbamate herbicides [21] 
such as propanil 

e.g. organophosphorus insecticides [4, 20] 
such as parathion, parathion methyl, 
coumaphos, dichlorvos, 
fenitrothion 


NaOH 
M r = 40.00 
Sodium hydroxide 


0 2 N-^_/-N + =N bf 4 

c 6 h 4 bf 4 n 3 o 2 

M r = 236.92 

4-Nitrobenzene¬ 
diazonium tetra¬ 
fluoroborate 


4-Nitrobenzenediazonium Tetrafluoroborate Reagent 
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Preparation of the Reagent 

Dipping solution I Dissolve 2 g sodium hydroxide [20] or 2.8 g potassium hydroxit 

[15] in 5 ml water and make up to 50 ml with ethanol or metl 
anol. 

Dipping solution II Dissolve 25-50 mg4-nitrobenzenediazonium tetrafluoroborate: 

10 ml diethylene glycol and make up to 100 ml with water [20] < 
acetone [15]. 

Spray solution I Dissolve 4-15 g potassium hydroxide [1, 4, 7, 16-18] or sodiu 
hydroxide [8] in 100 ml methanol, ethanol or water. 

Spray solution II Dissolve 10 to 100 mg 4-nitrobenzenediazonium tetrafluon 
borate in 100 ml methanol [7, 17, 18]. 

Alternatively it is possible to use 0.5 to 2% solutions in acetoi 

[16] , acetone - methanol (50+50) [1] or 50% acetic acid [9], 
saturated solution in ethanol - diethylene glycol (90+10) c< 
also be used [8], 

Storage The dipping and spray solutions I can be stored over longer pei 

ods. The dipping and spray solutions II may only be stored f 
a few hours with cooling and should, therefore, always be ma< 
up freshly before use [7]. 

Substances Potassium hydroxide, pellets 

Sodium hydroxide, pellets 
4-Nitrobenzenediazonium tetrafluoroborate 
Diethylene glycol 
Ethanol 
Methanol 
Acetone 


Reaction 

The hydrolytic action of alkalis on the thiophosphate insecticides, such as parathio 
yields free phenols that then couple with the diazonium salt to yield azo dyes. 
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4-Nitrobenzenediazonium Tetrafluoroborate Reagent 


4-Nitrobenzenediazonium Tetrafluoroborate Reagent 


3: 


OC 2 H 5 

= p-o-^3-no 2 

h 2 o/oh 

(C 2 H s O) 2 P/ 

OH 



+ 


oc 2 h 5 

Parathion-ethyl 

Na + 

-o-^>no 2 

+ [ 02N^Q>-N + s n ] bf 4 


Nitrophenolate 

Diazonium salt 


carbamate insecticides [8, 15]. The detection sensitivity is generally better on silica g 
than on aluminium oxide layers [4], It is possible to detect parathion with a sensitivi 
of 5 to 50 pg after it has been oxidized with bromine to paraoxon, by combination wi 
an enzyme inhibition reaction (choline esterase, substrate: 1-naphthyl acetate). Whi 
zones of inhibition are produced on an blue-red background [2, 3]. 

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr ai 
Si 50000 layers. 



o 2 n 


Azo dye 


Method 


The chromatograms are freed from mobile phase in a stream of warm air for 3 min , 
then immersed in dipping solution I for 3-5 s or uniformly sprayed with spray solu¬ 
tion I. Then, except in the case of thiophosphate insecticides, the plate is immediately 
immersed in dipping solution II for 3-5 s or homogeneously sprayed with spray solu¬ 
tion II. In the case of thiophosphate insecticides there is a delay of 2 min [4] or the 
plates are heated to 70-110 °C for 10-15 minutes before the plates are exposed to the 
second reagent solution. 

This yields variously colored chromatogram zones on a colorless background. The 
zones of phenols are reddish to blue-violet [4, 7, 8], 

Note: The first reagent treatment with alkali can be omitted in the case of phenols (e. g. 
estrogens) [2, 3, 5, 8, 9], Dipping is preferable to spraying since it yields darker chro¬ 
matogram zones and, hence, improves the detection sensitivity [15], The presence of 
diethylene glycol in the reagent has a favorable effect on the color intensity and stability 
of the derivatives [15], Most thiophosphate insecticides do not give any reaction [4], 

The detection limits for catecholamines are 10 to 50 ng substance per chromatogram 
zone [11] and 50 ng substance per chromatogram zone for carbaryl and a series of other 


Procedure Tested 


Thiophosphate Insecticides [20] 

Method Ascending, one-dimensional development in a trough chamb 

without chamber saturation. 

HPTLC plates Silica gel 60 F 254 , extra thin layer (Merck); 1 
fore the samples were applied these were immersed overnight 
2-propanol and then dried for 30 min at 110°C. 

n-Hexane - diethyl ether - ethanol - ethyl acetate - forn 
acid (908 + 40 + 26 + 25 + 1). 

Migration distance 8 cm 

Running time 30 min 

Detection and result: The chromatogram was freed from mobile phase in a stream 
warm air for 3 min, immersed in dipping solution I for 3 s, heated to 110 °C for 15 n 
and then immersed in dipping solution II for 3 s. 

After drying in a stream of cold air coumaphos (h/? f 30-35) appeared as an intei 
red chromatogram zone on a colorless background, while parathion methyl (1 
40-45), fenitrothion (h/? f 45-50) and parathion ethyl (h R f 60-65) yielded yellow zoi 
as they did with sodium hydroxide alone (q.v.). The detection limit for coumaphos \ 
10 ng per chromatogram zone. 

In situ qnantitation: The absorption photometric scan in reflectance of parath 
methyl, fenitrothion and parathion ethyl was carried out at a mean wavelength 
k m3x = 406 nm (Fig. 1A). Coumaphos was determined at X = 540 nm (Fig. IB). 


Layer 


Mobile phase 
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Palladium(II) Chloride Reagent 


Reagent for: 

• Thiophosphate esters [1-4] 
e.g. insecticides [5-23] 

such as dimethoate, bromophos-ethyl, Fac, Rogor, 

parathion, chlorthion, Meta-Systox, diazinon, 
propetamphos, malathion, terbufos, 
azinphos-methyl, demeton, phorate, 
disulfoton, vamidothion 

• Sulfur compounds 

e.g. mercaptans, sulfides (thioethers), disulfides [24] 
polysulfides [25] 
phenothiazines [4] 

• Antioxidants 

e. g. esters of gallic acid, dialkyl- and 
diaryldithiophosphates [26, 27] 


M r = 177.31 


Preparation of the Reagent 


Dipping solution Dissolve 500 mg palladium(II) chloride in 2.5 ml hydrochloric 
acid (32%) and make up to 100 ml with ethanol [10]. 

Spray solntion Dissolve 250 mg to 5 g palladium(II) chloride in 100 ml ethanol 
[9], water [1], hydrochloric acid (c = 0.2 ... 1 mol/L) [3, 6, 8, 13, 
15,19-21, 23, 27], ethanolic hydrochloric acid [5] or hydrochloric 
acid - acetone (50+50) [25, 26]. 


Palladium(II) Chloride Reagent 


Storage The dipping solution can be stored for ca. 1 month. 

Substances Palladium(II) chloride 

Hydrochloric acid (32%) 

Ethanol 

Acetone 


Reaction 


Palladium(II) chloride forms colored complexes with many aromatic and sulfur-c< 
taining compounds [27], 


Method 


The chromatograms are freed from mobile phase for 3 min in a stream of warm ; 
immersed for 2 s in the dipping solution [10] or homogeneously sprayed with the sp 
solution [9], dried in a stream of warm air and then heated to 110-120 °C for 10 
20 min [9, 10]. 

Colored zones are formed sometimes without heating [1, 3, 6, 7, 13-15, 18, 2 
organophosphorus insecticides forming yellow-brown [2, 6, 9, 10, 14, 18, 28] to bit 
chromatogram zones on a colorless [14, 23] to pale yellow [2] or light brown [6, 10] 
pinkish grey [9] background. Mercaptans, sulfides, disulfides and polysulfides app 
white, yellow, orange and brown [24, 25] and antioxidants yellow, grey, brown, pink 
violet [27]. 

Note: It is occasionally recommended that sodium acetate be added to the reagent | 
Thiophosphate insecticides with a simple P — S bond yield yellow chromatogram zoi 
and those with a P=S double bond yield brown ones on a light brown background [1 
Further treatment of the stained chromatogram with iodine vapors increases the det 
tion sensitivity [7] more than does spraying afterwards with caustic soda solutii 
which is also occasionally recommended [16, 17, 20, 21]. 

The detection limits for compounds with P = S double bonds are lower than those 
substances with single P — S bonds [7], They are lower on silica gel than on polyam 
layers [15] and are, for instance, 10-20 ng substance per chromatogram zone 
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organophosphorus pesticides [10]. Higher levels of up to 5 pg are regularly reported 
the literature [6, 7, 15, 17]. 

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000, polyamid 
and RP layers. 


Procedure Tested 


Organophosphorus Insecticides [10, 28, 29] 

Method Ascending, one-dimensional, two-fold development in a troug 

chamber without chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase 1. Chloroform — diethyl ether — /i-hexane — toluen 

(29.3+25.7+25+20). * 

2. Ethyl acetate 

Migration distance 1. 6 cm 
2. 1 cm 

f 

Running time 1. 20 min 
2. 5 min 

Detection and result: The chromatogram was dried for ca. 3 min in a stream of wan 
air, immersed in the dipping solution for 2 s, dried in a stream of warm air for 3 mi 
and then heated to 110°C for 10 min in the drying cupboard. 

Demeton-S-methyl sulfone (hR f 0-5), dimethoate (h/? f 5-10), demeton-S-methj 
(h/? f 20-25), triazophos (h/? f 40-45), azinphos-methyl (hi? f 40-45), azinphos-ethj 
(hi? f 50-55), malathion (h/? f 60-65), parathion-methyl (h R f 75-80) and parathion 
ethyl (hi? f 80-85) yielded yellow to brown chromatogram zones on a light brown bad 
ground, with thiophosphate insecticides with P=S double bonds appearing as browi 
zones and those with single P — S bonds as yellow zones. 

In situ quantitation: The absorption photometric quantitation was carried out in it 
flectance at a mean wavelength of X = 370 nm. The detection limits per chromatogran 
zone lay between 10 ng for dimethoate and 20 ng for parathion-ethyl. 


Palladium(II) Chloride Reagent 
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Fig. 1: Reflectance scan of a chromatogram track with 100 ng each substance per chromatogrj 
/.one'. 1 = demeton-S-methyl sulfone, 2 = dimethoate, 3 = demeton-S-methyl, 4 = triazopin 
5 = azinphos-methyl, 6 = azinphos-ethyl, 7 = malathion, 8 = parathion-methyl and 9 = pai 
thion-ethyl. 
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Phosphoric Acid Reagent 


Reagent for: 

• Sterols, steroids [1-7] 
e.g. cholesterol [ 8 ] 

aldosterone, hydrocortisone, androsterone, estradiol [ 8 ] 
contraceptives [9, 10] 

17-spirosteroids [11] 
trenbolone [ 12 ] 
liquid crystals [13] 

• Digitalis glycosides [14, 15] 

• Indole derivatives 

e. g. tryptophan, indole-3-acetic acid [16] 

Amanita toxins [17] 

• Quinoxalone derivatives of a-ketoacids 
e.g. pyruvic acid [18] 

• Components of edible oils (lipids) 
e.g. in groundnut oil, castor oil [19] 

H 3 PO 4 

M r = 98.00 


Preparation of the Reagent 

Dipping solution Mix 50 ml ort/to-phosphoric acid (85Wo) carefully with 50 
methanol under cooling. 

Spray solution A solution of 10 to 50% or/ho-phosphoric acid in water [1 - 6 , 
11, 13, 17, 18], methanol [9, 17, 19], ethanol [12, 16, 17, 20], a 
tone [17] or carbon tetrachloride - n-propanol (3+2) [14]. 
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Phosphoric Acid Reagent 


Storage Both reagent solutions may be stored, cool and in the dark, ■; 

several days. ,>< 

Substances ort/io-Phosphoric acid (85%) 

Methanol 

Ethanol 


Reaction 


The mechanism of the reaction has not been elucidated [16]. 


Method 


The chromatogram is freed from mobile phase in a stream of warm air, immersed u$ 
the reagent solution for 1 to 2 s or homogeneously sprayed with it until the layer begun 
to be transparent, then after drying in a stream of warm air it is heated to 105-120°0 
for 5-30 min and occasionally (tryptophan derivatives) [16] for 40 min. In exceptional 
cases evaluation is made without heating (trenbolone [12]). 

Variously colored chromatogram zones (grey, blue, brown, orange, violet) are pro¬ 
duced on a pale background; the zones frequently fluoresce intensely on exposure to 
long-wavelength UV light (X = 365 nm). > 

For instance, trenbolone fluoresces yellow [12] and the qinoxalone derivative of 
pyruvic acid yellow-green [18]. In the case of steroids and Digitalis glycosides it is possi¬ 
ble to differentiate on the basis of various fluorescence colors [8, 9, 15]. 

Note: Like sulfuric acid (q.v.) ort Ao-phosphoric acid is a universal reagent, with which 
almost all classes of substance can be detected at high temperatures (150-180 °C) by 
charring: e.g. high molecular weight hydrocarbons (mineral oils) [20], The colors and 
fluorescences produced at lower temperatures (<120°C) and their intensities are very 
dependent on the temperature and period of heating. It is not possible to use meta- or 
pyrophosphoric acid in place of orfAo-phosphoric acid, since, for instance, amanita 
toxins react well with alcoholic phosphoric acid only weakly with aqueous phosphoric 
acid and not at all with meta- or pyrophosphoric acid [17]. 
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The fluorescence can be stabilized by dipping the chromatograms in liquid paraffu 
_ hexane (1 + 2) [21] or paraffin - carbon tetrachloride (1 +9) [14]. Quantitative eval 
ration must generally be carried out rapidly since neither the colors nor the fluores 
ences are fast [16, 17]. Colored chromatogram zones can be preserved over a longe 
period by covering the chromatogram with a glass plate [9]. 

Detection with phosphoric acid at room temperature (with no heating afterwards) i 
specific for trenbolone, since related steroids such as progesterone and testosterone d( 
not interfere under these conditions [12]. 

The detection limits per chromatogram zone are below 1 pg for steroids [9] (e.g 
250 pg for trenbolone [12]) and 500 ng for indole derivatives [16]. 

The reagent can be used on silica gel, silver nitrate-impregnated silica gel [19] 
kieselguhr, Si 50000, RP, Diol and NH 2 layers. Cellulose layers are less suitable be 
cause after application of the reagent the background itself fluoresces strongly, so tha 
fluorescence emission can only be detected after the application of large quantities o 
substance per chromatogram zone. 


Procedure Tested 

Steroids [21, 22] 

Method Ascending, one-dimensional development in a trough chambe 

without (A) or with chamber saturation (B). 

Layer HPTLC plates Silica gel 60 F 254 (Merck) that were prewashe 

before application of the sample, by developing once to the uppe 
edge of the plate with chloroform - methanol (50+50), and the 
dried at 110°C for 30 min. In the case of example A. the layer wa 
conditioned to 0% rel. humidity in a conditioning chamber (ove 
cone, sulfuric acid) after sample application. 

Mobile phase A. Cyclohexane - diethyl ether (50+50). 

B. Chloroform — methanol (98+2). 

Migration distance A. 6 cm 
B. 8 cm 


Running time 


15 min 



Detection and result: The chromatogram was first dried in a stream of cold air, im¬ 
mersed in the reagent solution for 1 to 2 s and then heated to 120-125 °C for 
15-20 min. Blue-grey to violet chromatogram zones were produced on a colorless back¬ 
ground that could be excited to fluoresce various colors with long-wavelength UV light 
(X = 365 nm). 

On a dark background cholesterol (Eluent A, h/? f 20-25) emitted blue, coprostanol 
(Eluent A, h/? f 25-30) blue, 4-cholesten-3-one (Eluent A, h/? f 40-45) blue, 5a- 
cholestan-3-one (Eluent A, hi? f 60) blue, coprostanone (Eluent A, hR f 70) blue, estriol 
3-sulfate (Eluent B, h R f 5-10) yellow, 11-ketoetiocholanolone (Eluent B, W? f 15-20) 
blue, estrone (Eluent B, hi? f 20-25) ochre, 11-desoxycorticosterone (Eluent B, h/? f 
30-35) yellow, 17a-ethinyl-5-androstene-3(l,17P-diol (Eluent B, liR f 45-50) ochre, 4- 
cholesten-3-one (Eluent B, h/? f 55-60) faint blue and coprostanone (Eluent B, h/? f 
65-70) violet fluorescences. 

The detection limits lay between 5 ng and 50 ng substance per chromatogram zone. 
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Fig- 1 Fig. 2 


Fig. 1: Fluorescence scan of a chromatogram track with 255 ng cholesterol (1), 535 ng coprostanol 
(2), 310 ng 4-cholesten-3-one (3), 320 ng 5a-cholestan-3-one (4) and 220 ng coprostanone (5) per 
chromatogram zone. 

Fig. 2: Fluorescence scan of a chromatogram track with 100 ng each of estriol-3-sulfate (1), 11- 
ketoetiocholanone (2), estrone (3) 11-desoxycorticosterone (4) and 17a-ethinyl-5-androsten-30,170- 
diol (5), together with 1 pg each of 4-cholesten-3-one (6) and coprostanone (7) per chromatogram 
zone. 


The reagent is not suitable for quantitative determinations because the fiuoreso 
are not stable: In Fig. 1 liquid paraffin — w-hexane (1 + 2) was used to stabilize the 
rescence. 

In situ quantitation: The fluorimetric evaluation was carried out with excitatii 
k exc = 365 nm and fluorescense emission was measured at X, n >430 nm (cut off 
FI 43). 
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o-Phthalaldehyde-Sulfuric Acid Reagent 


o-Phthalaldehyde- 
Sulfuric Acid Reagent 


Reagent for: 


• Ergot alkaloids and derivatives [1, 2] 

e.g. lysergic acid, LSD, ergotamine, ergocristine 
e.g. hydrogenated ergot alkaloids 

such as dihydrolysergic acid, dihydroergotamine 
dihydroergocristine, dihydroergotoxin 

• (3-Blockers [3] 

e.g. propranolol, alprenolol, nadolol 

• Histidylpeptides [3] 

• Indole derivatives 

e.g. tryptophan, tryptamine, 
serotonin, bufotenin 

O 


0 $ 

h 2 so 4 

0 

c 8 h 6 0 2 

M r = 98.08 

M r = 134.14 

Sulfuric acid 

o-Phthalaldehyde 


Preparation of the Reagent 


Dipping solution Dissolve 0.5-1 g o-phthalaldehyde (phthaldialdehyde, OPA) in 
45 ml methanol and cautiously add 5 ml sulfuric acid (95-97%) 

PI- 


Spray solution 
Storage 


Substances 


Dissolve 0.2 g o-phthalaldehyde cautiously in 100 ml sulfuric a 
(95-97%) 111- 

The dipping solution is stable for several weeks at room tempe 
ture pi, the spray solution may be stored in the refrigerator 
2-3 days [1]. 

Phthaldialdehyde 
Sulfuric acid (95-97%) 

Methanol 


Reaction 


The mechanism of the reaction has not been elucidated. 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, immer 
in the dipping solution for 3 s or sprayed homogeneously with the spray solution « 
- in the case of the 13-blockers — heated to 80 °C for 3 min. 

|3-Blockers yield yellow to pink-colored chromatogram zones on a colorless ba 
ground, which, like the zones of the ergot alkaloids and hydrogenated ergot alkalo 
can usually be excited to blue fluorescence on irradiation with long-wavelength UV li 
(X = 365 nm) [1, 3], 

Note: o-Phthaldehyde in the presence of mercaptoethanol or cysteine has already b 
discussed as a reagent [4]. The present monograph describes the use of o-phtl 
aldehyde in the presence of sulfuric acid. There are, in addition, a number of appl 
tions, which have been described, employing o-phthalaldehyde without any addit 
e. g. for the detection of primary arylamines, histamine, histidine and histidylpepti 
[5-7]. 

The natural fluorescence of ergot alkaloids is considerably augmented by the rea§ 
[ 1 ], Heating for longer than 3 min or to more than 80 °C leads to a reduction in fluo 
cence intensity and, hence, should be avoided [3]. 

The fluorescence intensity can be stabilized and enhanced by dipping 
chromatograms in a solution of liquid paraffin — n-hexane (1 + 2) [3], The detecl 
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limits for B-blockers, ergot and dihydroergot alkaloids and other indole derivatives 1$ 
in the lower nanogram range [1, 3, 8]. 

The reagent can be used, for example, on silica gel, kieselguhr and Si 50000 layers 


Procedure Tested 


/(-Blockers [3] 

Met hod Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 2 5 4 (Merck), that were prewashed 

before application of the samples by developing to the upper edge 
of the plate with chloroform - methanol (50+50) and then dried 
at 110 °C for 30 min. 

Mobile phase Methanol — ammonia solution (25%) (99+1). 

Migration distance 8 cm 
Running time 20 min 

Detection and result: The chromatogram was dried for 15 min in a stream of warm air, 
immersed in the dipping solution for 3 s and then dried at 80 °C for 3 min in the drying 
cupboard. After cooling to room temperature it was immersed for 1 s in a solution of 
liquid paraffin - n-hexane (1+2) to enhance (by a factor of ca. 2) and stabilize the flu¬ 
orescence intensity and then dried for 3 min in a stream of cold air. 

4-Hydroxypropranolol (h R f 40-45) and propranolol (h/? f 55-60) yielded yellow 
chromatogram zones on a colorless background that could be excited in long-wave- 
length UV light (X. = 365 nm) to orange fluorescence on a faint blue fluorescent back¬ 
ground. The detection limits were 5 ng substance per chromatogram zone. 

In situ quantitation: Fluorimetric measurements were made by exciting at 
X ac = 436 nm and measuring the fluorescence emission at X n >560 nm (cut off filter 
FI 56). 


o-Phthalaldehyde-Sulfuric Acid Reagent 


35 


2 



Fig. 1: Fluorescence scan of a chromatogram track with 50 ng each of 4 -hydroxypropranolol i 
and propranolol (2) per chromatogram zone. 
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Potassium Dichromate-Perchloric 
Acid-Nitric Acid-Sulfuric Acid 
Reagent 

(Forrest Reagent) 

Reagent for: 

Antidepressives 
e.g. imipramine derivatives 

such as imipramine, clomipramine, desipramine, trimipramine [1] 
Neuroleptics 

e. g. phenothiazine derivatives 

such as chlorphenethazine, perazine, promazine [1] 

Antihistamines 

e. g. phenothiazine derivatives 
such as alimemazine [1] 

K 2 Cr 2 0 7 HC10 4 

M r = 294.19 M r = 100.46 

Potassium dichromate Perchloric acid 


Preparation of the Reagent 

Solution I Dissolve 0.2 g potassium dichromate in 100 ml water. 

Solution II Perchloric acid (20%). 

Solution IU Nitric acid (50%). 

Sulfuric acid (30%). 


hno 3 H 2 S0 4 

M r = 63.01 M r = 98.08 

Nitric acid Sulfuric acid 






Solution IV 


Potassium Dichromate-Perchloric Acid-Nitric Acid Sulfuric Acid Reagent 3, 

Spray solution Carefully mix equal volumes of solutions I to IV. 

Dipping solution Dilute 10 ml of the spray solution with 90 ml water. 

Storage The reagent solutions may be stored over long periods. 

Substances Potassium dichromate 

Perchloric acid (60%) 

Nitric acid (65%) 

Sulfuric acid (95-97%) 


Reaction 

The mechanism of the reaction is not known. Detection probably depends on the reve 
sible formation of colored radicals [2, 3]. 


Method 

The chromatograms are dried in a stream of cold air, immersed in the dipping soluti< 
for 1 s or sprayed homogeneously with the spray solution until the layer becomes trar 
parent and then dried in a stream of cold air for 5 min. 

Imipramine and its derivatives produce blue, phenothiazines blue, violet, red 
orange to skin-colored chromatogram zones, that fade relatively quickly, on a colorle 
background (Fig. 1). 

O • 


© 


1 234 5 67 89 10 

Fig 1: Chromatogram of imipramine and phenothiazine derivatives after staining with Forju 
reagent [4]: 1 = imipramine, 2 = desipramine, 3 = clomipramine, 4 = lofepramine, 5 = trimip 
mine, 6 = thioridazine, 7 = chlorphenethazine, 8 = periciazine, 9 = promazine, 10 = promethazi 
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potassium Dichromate-Perchloric Acid-Nitric Acid-Sulfuric Acid Reagent 


Table 11 Colors of chromatogram zones after treatment with Forrest reagent [1], 


Color 


Substance 


Edge blue, 

clomipramine 

imipramine 

lofepramine 

trimipramine 

center pale 

desipramine 




Red, orange. 

alimemazine 

dibenzepine 

oxypertine 

promethazine ! 

pink 

antazoline 

dixyrazine 

perazine 

prothipendyl 


bromhexine 

fluphenazine 

periciazine 

trifluoperazine 


chlorphenethazine 

fluspirilene 

perphenazine 

triflupromazine 


clozapine 

homofenazine 

promazine 

viloxazine 

Blue, violet 

benperidole 

imiclopazine 

thiethylperazine 

thioridazine 


dihydroergotamine 

levomepromazine 


) 

No coloration 

acebutolol 

butalamine 

cytarabine 

fenetyline i 


amfetaminile 

butamirate 

dextromethorphane 

fenproporex 


aminophenazone 

butanilicaine 

dextropropoxyphene 

fenyramidol j 


amitriptyline 

chlorazanile 

diltiazem 

flecainide ! 


apomorphine 

chloroquine 

dimetindene 

flupentixol 


articaine 

chlorphenoxamine 

dioxopromethazine 

glymidine 


atropine 

chlorprothixene 

diphenhydramine 

haloperidol 


atenolol 

chlorotheophylline 

diphenylpyraline 

lidoflazine 


bamipine 

cimetidine 

disopyramide 

melperone 


benproperine 

clemastine 

dosulepine 

nortriptyline 


benzatropine 

clenbuterol 

doxapram 

oxomemazine J 


biperidene 

clobutinol 

doxepine 

pheniramine 


bisacodyl 

clomethiazole 

doxylamine 

pimozide 


bromocriptine 

clonidine 

drofenine 

pipamperone 


brompheniramine 

clopamide 

eprazinone 

tiotixene 


buphenine 

codeine 

ethenzamide 

trazodone 


bupivacaine 

caffeine 

etozoline 

trifluperidol 


bupranolol 

cyproheptadine 

fendiline 



Procedure Tested 


Dibenzoazepine and Phenothiazine Derivatives [4, 5] 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough chaml 
with chamber saturation. 

TLC plates Silica gel 60 F 2 5 4 (Merck). 

Ethyl acetate - methanol - ammonia solution (25 
(85 + 10+5). 

7 cm 

10-15 min 


Detection and result: The chromatogram was dried for 15 min in a stream of cold ; 
immersed in the dipping solution for 1 s and then dried in a stream of cold air 
5 min. 

Immediately after dipping perphenazine (h R f 28-33) appeared as pink-color 
fluphenazine (h/? f 30-35), dixyrazine (h/? f 33-38) and verophene (= promazine, 1 
38-43) as skin-colored and periciazine (htf f 35-40) as orange, promethazine (1 
43-48) as bright pink, alimemazine (h/? f 60-65) as skin-colored and dibutil (etl 
propazine, hi? f 75-80) as pink-colored chromatogram zones on a colorless backgrou 
(Fig. 2). The colors faded after some time. 

The detection limits of imipramine and its derivatives were 100 ng substance ] 
chromatogram zone. 


In situ quantitation: The absorption photometric evaluation in reflectance was carr 
out at the wavelength X = 530 nm (Fig. 3). 


Note The colors obtained are characteristic for the various substance classes (Table 1)., 
Thus color tones obtained for phenothiazine derivatives are mainly reddish [1], If the i 
chromatogram zone contains more than 10 pg substance per spot there is only a colored ] 
outer ring surrounding an uncolored center (Fig. 1) [1, 4J. The Forrest reagent does 
not interfere with subsequent detection with the Dragendorff reagent [1, 4J. 

The detection limits are in the range 100 to 600 ng substance per chromatogram zone 
[4, 5], 

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, RP, 
CN, NH 2 , Diol, polyamide and cellulose layers. 




1 2 3 4 5 6 7 8 9 10 11 12 


Fig 2: Chromatogram of dibenzoazepine and phenothiazine derivatives after staining with For¬ 
rest reagent: 1 = fluphenazine, 2 = periciazine, 3 = promethazine, 4 = alimemazine, 5 = mixture 
of substances 1 to 4, 6 = mixture of substances 7 to 12, 7 = dibutil, 8 = levomepromazines 
9 = chlorpromazine, 10 = verophene, 11 = dixyrazine, 12 = perphenazine. 


7 10 



Fig. 3: Reflectance scan of chromatogram track 6 of Figure 2 with 4 pg substance per 
chromatogram zone each of 7 = dibutil, 8 = levomepromazine, 9 = chlorpromazine^ 
10 = verophene, 11 = dixyrazine, 12 = perphenazine. 
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Potassium Hexaiodoplatinate Reagei 


Reagent for: 

• Organic nitrogen compounds [1-3] 

e.g. drug substances and metabolites [4-9] 

such as benzodiazepines [10, 11], polamidon, dolantin, dilaudid [12] 
carbamazepine, maprotiline, methadone, methaqualone [13] 
phencyclidine [14], imipramine, desimipramine [15] 
morphine [16], naloxone [17], naltrexone [18] 
codeine, 6-acetylmorphine [19], oxaflozane [20] 
pentazocine, tripelennamine [21], chloroquine [22] 
e.g. alkaloids [23-25] 

in Antirrhinum (26, 27], Corydalis lutea [28] 

Hydastis canadensis [29], Thalictrum polygamum [30] 
Cinchona ledgeriana [31] 

such as ajmaline, atropine, ergotamine, raubasine, tropine [23] 
isocorydine, stylopine, bicuculline [28], thebaine [32] 
hydrastine, berberine [29], strychnine [33], cocaine [34] 
methylpalaudinium chloride [30] 
e.g. quaternary ammonium compounds (surfactants) 
such as bencetonium chloride [35] 
e.g. urethanes 

from the reaction of isocyanates with l-(2-pyridyl)piperazine [36] 
e.g. heroin [19, 34] 

• Thiols, thioethers and sulfoxides [37-39] 
e.g. sulfur-containing amino acids 

such as cysteine, cystine, methionine [37] 
e. g. antibiotics and derivatives 

such as penicillin benzathine and -embonate salts [38] 

amoxicillin, penicilloic and penicillic acids, ampicillin, 
tritylpenicillin sulfoxide, benzylpenicillin sulfoxide [39] 

• Ketosteroids [3] 



Preparation of the Reagent 

Dipping solution Mix 3 ml 10% hexachloroplatinic(IV) acid solution with 97 
10% methanol and 100 ml 6% aqueous potassium iodide so 
tion [43]. 

Variant : Mix 45 ml 10% aqueous potassium iodide solution w 
2.5 ml 10% hexachloroplatinic(IV) acid solution and make up 
200 ml with water (pH 2.52) [44], 

Spray solution Add 3 ml 10% hexachloroplatinic(IV) acid solution to 100 
6% aqueous potassium iodide solution and dilute with 97 
water [3, 8, 35, 36, 45]. 

Storage The reagent solutions should be stored in brown bottles. T1 

may be kept in the refrigerator for ca. 1 week [8]. 

Substances Potassium iodide 

Hexachloroplatinic(IV) acid solution (10%) 

Methanol 



Reaction 


The mechanism of the reaction has not been elucidated. 


Method 

The chromatograms are dried in a stream of warm air, immersed in the dipping solution 
for 1 to 4 s or sprayed homogeneously with the spray solution and, if necessary, dried 
in a stream of warm air. 

Chromatogram zones of various colors are produced [35], usually immediately, on 
a pale pink background [36, 39, 44]; they can sometimes also be detected under short- 
wavelength UV light [X = 254 nm) [40], The red coloration of the plate background 
can be very largely removed by washing out excess reagent with water or with 1 % acetic 
acid [3, 44]. In some cases the colors of the chromatogram zones become deeper if they 
are heated to 115 °C for 5 min [40]. 

Alkaloids produce pale yellow, pink, green, brown, blue or violet zones [23]. 
Urethanes blue-green to dark violet zones [36]. Thiols and penicillin derivatives appear 
immediately as white zones and sulfoxides only after a few minutes as yellow to 
yellowish-blue zones on a reddish background [37, 39], which becomes deep purple on 
spraying with water [37], 

Note: Tertiary amines and quaternary ammonium compounds yield stronger colors 
than primary amines [25]. The dipping solution can also be used as spray solution [44], 
Other reagent compositions have also been reported in the literature (1, 3, 6, 12, 13, 15, 
18, 21, 23, 41] In some cases the reagents have been made up in acetone [38, 39], 
methanol [14] or ethanol [37] and/or acidified with hydrochloric acid [3, 33, 37-40], 
The concentrations of hexachloroplatinic(IV) acid have been in the range of 0.05-0.4%, 
those of potassium iodide between 0.5 and 24% [46]. A spray solution containing 2% 
potassium iodide and 0.23% hexachloroplatinic(IV) acid hexahydrate in N-hydro- 
chloric acid is reported to yield the best coloration results with respect to detection sen¬ 
sitivity and color differentiation in the detection of morphine, codeine, quinine, 
methadone and cocaine [46], Acidic reagent solutions have been recommended for ben¬ 
zodiazepines [10, 11]. Sulfones do not react [39], 

The detection limits in substance per chromatogram zone are 10 ng for urethanes 
[36], 10 ng — 1 pg for alkaloids and 50 ng - 1 pg for penicillin derivatives [39]. 

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, RP 18. 
CN, Diol, polyamide and cellulose layers; NH 2 phases are not suitable — because they 
decolorize the reagent [44], 


Procedure Tested 1 


Brucine, Strychnine in Plant Extracts [43] 

Method Ascending, one-dimensional development in a trough chambei 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck), that had beer 

prewashed before application of the samples by developing to th< 
upper edge of the plate with chloroform - methanol [50 + 50 
and then drying at 110°C for 10 min. 

Mobile phase Acetone - toluene - ammonia solution (25%) (40 + 15 + 5). 

Migration distance 5 cm 
Running time 10 min 

Detection and result: The chromatogram was dried for 45 min in a stream of warm ai 
(removal of ammonia!), immersed for 4 s in the dipping solution and dried in a strean 
of cold air. 

Brucine (hi? f 30-35) appeared as a blue chromatogram zone and strychnine (hk 
50-55) as a brown one on a reddish-brown background. The detection limits were lowe 
than 5 ng substance per chromatogram zone. 

In situ quantitation: The absorption photometric evaluation in reflectance was carrie 
out at the wavelength of the absorption maximum for brucine X = 700 nm (Fig. 1). 

1 


A 


B 

Fig 1: Reflectance scan of a chromatogram of Nux vomica extract (A) and of a reference tra 
with 100 ng each of brucine (1) and strychnine (2) per chromatogram zone (B). 




Procedure Tested 2 


Opium Alkaloids [44] 


Method 

Layer 

Mobile phase 

Migration distance 
Running time 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

TLC plates Silica gel 60 WF 254 (Merck). 

Acetone — toluene — ethanol — ammonia solution (25%) 
(40 + 40+6+2). 

7 cm 

10 min 


Detection and result: The chromatogram was dried for 30 min at 100°C and first im¬ 
mersed for 1 s in the dipping solution „variant“. Morphine (h/? f 10-15) and codeine 
(h/? f 15-20) yielded blue-violet chromatogram zones, narceine (h/? f 0), thebaine (h/? f 
35-40), papaverine (hi? f 50-55) and narcotine (h/? f 65-70) yielded brown-violet 
chromatogram zones on a pale red background (Fig. 2A). There was a striking forma¬ 
tion of pale half moon-shaped bands over the chromatogram zones in the direction of 
dipping when the chromatograms were dipped - but not when they were sprayed. 

It is advisable to remove excess reagent from the chromatogram before recording the 
chromatogram zones. This is best done by dipping the treated chromatogram into 
several fresh 0.5% acetic acid solutions or by „destaining“ for two to two and a half 
minutes (diffusion destaining apparatus, cf. Fig. 24). The chromatogram is then dried 
in a stream of cold air for 30 min. (Warm air causes fading of the chromatogram 
zones!) 

This procedure yielded a colorless background, on which the colors of the alkaloid 
zones became pale brown (narceine), blue (morphine) or violet (codeine, papaverine, 
narcotine) (Fig. 2B). 


In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the wavelength X, = 540 nm (Fig. 3). The detection limits in substance per 
chromatogram zone were 20 ng for thebaine and papaverine, 200 ng for codeine, 
300 ng for morphine and 500 ng for narceine. 



# 


* 


* * 
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Fig 2: Chromatograms of opium alkaloids (A) after immersion in the reagent solution and (B 
after additional washing away of any excess reagent. 


4 

» 5 


3 6 



Fig 3: Reflectance scan of a chromatogram track with 1 pg each per chromatogram zone of na 
ceine (1), morphine (2), codeine (3), thebaine (4), papaverine (5) and narcotine (6). 
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Potassium Hydroxide Reagent 


Reagent for: 

• Cumarin glycosides and their aglycones [1, 2] 
e.g. umckalin, scopoletin [3] 

• Anthraquinone glycosides and their aglycones [2, 4-8] 
e.g. chrysophanol, emodin, aloe emodin, rhein [9-12] 

physcione [9, 11, 12], alizarin [10] 

• Xanthone glycosides and their aglycones [13] 
e.g. gentisin, isogentisin [14] 

• Dalbergion-glycosides and their aglycones [15] 

• Pestidices 

e.g. thiophosphate pesticides [16] 

such as bayrusil, fospirate, noltran, menazon 
maretin, dursban, cythioate 

• Nitroaryl esters 

e.g. mono and dinitrophenylacetates [17] 

• Acetylcholine, adenochrome, nicotinamide [18] 

• Cytostatics (antineoplastic agents) 

e.g. l-ethoxycarbonyl-2-arylazo-2-nitroethane derivatives [19] 

• Block copolymers 

e.g. polyacrylonitrile [20] 

• Dinitrophenylhydrazones 

e.g. of pyruvic acid, glycolaldehyde [21] 

KOH 

M r = 56.11 
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Preparation of the Reagent 

Dipping solution Dissolve 2 g potassium hydroxide in 5 ml water and make up to 
50 ml with ethanol [22], 

Spray solution Dissolve 3 to 10 g potassium hydroxide in 100 ml methanol [1, 2, j 
6, 8-10, 14, 19], ethanol [7, 15, 19] or water [16, 18, 20]. 

Storage The reagent solutions can be stored for longer periods. 

Substances Potassium hydroxide pellets 

Methanol 
Ethanol 


Reaction 


The reaction course has not been elucidated (cf. also sodium hydroxide reagent). 
Hydrolyzation reactions and aromatizations are probably primarily responsible for the 
formation of colored and fluorescent derivatives. Substituted nitrophenols - e. g. the 
thiophosphate insecticides - can probably be hydrolyzed to yellow-colored nitro- 
phenolate anions by sodium hydroxide or possibly react to yield yellow Meisenheimer 
complexes. Naphthol derivatives with a tendency to form radicals, e. g. 2-naphthyl ben¬ 
zoate, react with hydrolysis to yield violet-colored mesomerically stabilized 1,2-naph- 
thalenediol radicals. 

H 5 C 2 O n ,S 
P 

h 5 c 2 c/ X o_(Qh-N0 2 
Parathion-ethyl 




2-Naphthylbenzoate 


Naphthalenediol radical 


Potassium Hydroxide Reagent 


it 

Method 


The chromatograms are dried in a stream of cold air, first sprayed homogeneously wii 
the reagent and, as in the case of anthraquinone derivatives, they are then dried in 
steam of warm air for a few minutes [10] or at room temperature for 20 min [11]. 
the case of pesticides the chromatogram is covered by a glass plate and heated 
100-200°C for up to 30 min [16], 

Dalbergion glycosides produce green to violet [15], 2-arylazo-2-nitroethane deriv 
tives [19] and polyacrylonitrile (20) yellow to orange-red, dinitrophenylhydrazon 
yellow to purple-brown and anthraquinone derivatives orange-yellow to purple-color 
substance zones [5, 8, 10, 12] that usually emit yellow or pale red to violet fluorescen 
in UV light (X = 254 or 365 nm) [4, 8, 9], Some thiophosphate pesticides can also 
stimulated to fluorescence with long-wavelength UV light (A, = 365 nm) [16]. Gentis 
fluoresces yellow-green [14], cumarins green to dark blue [1]. 

Note: Methanolic sodium hydroxide solution can replace potassium hydroxide soluti 
[16] (q.v.). The production of color tones and fluorescence is very dependent on t 
duration and temperature of heating; hence optimal conditions must be determin 
empirically [16]. Some thiophosphate insecticides do not form fluorescent derivath 
[16], The natural fluorescence of various cumarin derivatives is intensified [1]. 

It is recommended that the chromatogram treated with reagent be stored for < 
15 min to allow stabilization of color when undertaking direct quantitation of anth 
quinones [10]. 

The detection limits as substance per chromatogram zone are 1 pg for polyacry 
nitrile [20] and 2-arylazo-2-nitroethane derivatives [19] and 6-100 ng for thiophosph 
pesticides [16]. 

The reagent can, for example, be employed on silica gel, kieselguhr, Si 500 
cellulose and polyamide layers as well as on mixed cellulose/polyamide layers [1]. 


Procedure Tested 1 

Thiophosphate Insecticides [22] 

Method Ascending, one-dimensional development in a trough cham 

without chamber saturation. 
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Procedure Tested 2 


Cumarin in Asperulae Herba (Woodruff) [23] 

Sample solution A 3 g sample of woodruff was added to 30 ml warm methanol 
and placed in the ultrasonic bath for 10 min. After filtration the 
solution was concentrated to ca. 20% of the initial volume under 
reduced pressure. A portion of the solution was centrifuged at 
1200 rpm for 2 min and the clear supernatant was applied to the 
layer as a band. 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

TLC plates Silica gel 60 F 254 (Merck). 

Toluene — tert-butyl methyl ether — acetic acid (10%) 
(40+ 40 + 40). 

The mobile phase is always freshly made up. This is done by mix¬ 
ing the three mobile phase components in a separating funnel and 
shaking vigorously several times; the top phase is used as mobile 
phase. 

Migration distance 10 cm 
Running time 20 min 

Detection and result: The chromatogram was dried in a stream of warm air and then 
inspected under UV light. Cumarin (h R f 55-60) exhibited fluorescence quenching 
under short-wavelength UV light ( X= 254 nm; Fig. 2A); it is not excited to fluorescence 
emission under long-wavelength UV light (X = 365 nm; Fig. 2B). After treatment with 
the spray solution (1 g KOH pellets in 20 ml ethanol) the cumarin zone produced an 
intense yellow-green fluorescence when observed under long-wavelength UV light 
(Fig. 2C), which changed to pale blue after heating the chromatogram (2 min, 100 °C) 
(Fig. 2D). 

It is possible to detect 2 ng cumarin per chromatogram zone visually. 


Layer 

Mobile phase 
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Fig 2: Chromatogram of woodruff extract (track 1: 10 pi 0.1% cumarin solution in methanol, 
track 2: 100 til extract; band length 3 cm in each case). Examination in short-wavelength UV light 
before spraying with the reagent (A) and in long-wavelength UV light before (B) and after spraying 
(C) and finally after heating (D). 
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Potassium iodide 


Starch 


Preparation of the Reagent 

Dipping solution Dissolve 2.8 g potassium iodide and 1.4 g soluble starch accor¬ 
ding to Zulkowsky in 70 ml water and dilute with 30 ml absolute 
ethanol [10]. 

Spray solution I For peroxides 

Solution A: Mix 10 ml 4% aqueous potassium iodide with 40 ml 
glacial acetic acid and add a spatula-tip of zinc powder. Filter off 
the zinc powder immediately before using the spray solution 
[1. 4]. 

Solution B: Dissolve 1 g soluble starch in 100 ml water with boil¬ 
ing [1, 4], 

Spray solution n For substances containing bromine: Dissolve 4 g potassium 
iodide and 2 g soluble starch in 100 ml water with warming [7]. 


Potassium Iodide-Starch Reagent 


Reagent for: 

• Peroxides, hydroperoxides [1, 2] 
e.g. (photo)-oxidation products 

of limonene [3] 

linoleic acid [4], methyl linoleate [5] 
methyl oleate and methyl elaidate [6] 

• Bromine-containing barbiturates and ureides [7] 

• Sulfoxides [8] 


under the influence of UV light - to iodine, which reacts witn starcn to yieia tne w< 
known intense blue starch-iodine inclusion complex. 


Method 

For peroxides : The chromatograms are dried in a stream of warm air and immersed 
the dipping solution for 2 s [10]. Alternatively they can first be sprayed homogeneou 
with spray reagent 1A, allowed to stand for 5 min and then sprayed with spray soluti 
IB until they are transparent [1, 4]. 

For substances containing bromine: The dried chromatograms are immersed in 
dipping solution for 2 s or sprayed homogeneously with spray solution II and th 
while still moist, they are irradiated with intense UV light for ca. 1 to 3 min. [7, 1 

For sulfoxides: The dried chromatograms are sprayed homogeneously with sp 
reagent III. After a few minutes they can then be sprayed with spray solution IB to 
crease the color contrast [8, 9]. 

In all cases intense blue or brown-colored chromatogram zones are produced o 
colorless to brownish background. 


Potassium Iodide-Starch Reagent 3' 

Spray solution III For sulfoxides: Dissolve 5 g starch and 0.5 g sodium iodide 
100 ml water with warming. Add 1 ml cone, hydrochloric acid 
10 ml of the solution immediately before use [8]. 

Storage The reagent solutions may be stored for a few days. 

Substances Potassium iodide 

Starch, soluble acc. to Zulkowsky 
Acetic acid (100%) 

Zinc powder 
Sodium iodide 
Hydrochloric acid (32%) 

Ethanol 



374 


Potassium Iodide-Starch Reagent 


Potassium Iodide-Starch Reagent 


37 


Note: Separate potassium iodide and starch solutions can also be used successively {2], 
The detection limits for bromureides are 40 to 200 ng substance per chromatogram; 
zone [7, 10]. Bromopride, bromazepam, bromhexine and bromocriptine do not react! 
[ 101 . 

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, 
cellulose and NH 2 layers. CN, Diol and polyamide phases are unsuitable. 


Procedure Tested 
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Bromureides [10] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

TLC plates Silica gel 60 (Merck). 

Dichloromethane - diethyl ether [17 + 3). 

5 cm 

5 min 


Detection and result: The chromatogram was dried in a stream of warm air and im¬ 
mersed in the dipping solution for 2 s. The excess water drops were then removed from 
the surface of the layer in a stream of cold air. The chromatogram was then intensively 
irradiated with UV light (mercury lamp St 41, distance from layer 5 cm). 

Bromisoval (h/? f 15-20) yielded dark brown chromatogram zones on a light brown 
background. Bromopride, bromazepam, bromhexine, bromocriptine, caryophyllene 
epoxide and rose oxide did not react. 

The detection limit of bromisoval is 40 ng substance per chromatogram zone. 


In situ quantitation: Quantitative evaluation was not possible. 
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Potassium Nitrate-Sulfuric Acid 
Reagent 


Reagent for: 

• Alkaloids 

e.g. colchicine fl] 

kno 3 h 2 so 4 

M r = 101.11 M r = 98.08 


Preparation of the Reagent 

Dipping solution Dissolve 100 mg potassium nitrate in 5 ml sulfuric acid (95-97%) 
and make up to 100 ml with ethanol [1], 

Storage The reagent solution can be stored for ca. 1 month. 

Substances Potassium nitrate 

Sulfuric acid (95-97%) 

Ethanol 

Reaction 

The mechanism of the reaction has not been elucidated. Nitration probably takes places 


Potassium Nitrate-Sulfuric Acid Reagent 3" 

Method 

The chromatograms are freed from mobile phase in a stream of warm air, immers< 
in the dipping solution for 4 s or homogeneously sprayed with it, dried in a stream i 
cold air and then heated to 110°C for 10 min. 

Yellow chromatogram zones are produced on a colorless background. 

Note: The detection limit for colchicine is 5 ng substance per chromatogram zone. 
The reagent can, for example, be used on silica gel, kieselguhr and Si 50000 layei 


Procedure Tested 

Colchicine [1] 

Method Ascending, one-dimensional development in a trough chamt 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck) that were prewash 

before use by developing once to the upper edge of the plate, 1 
fore application of the sample, with chloroform — methai 
(50+50) and then dried at 110°C for 10 min. 

Mobile phase Acetone — toluene — ammonia solution (25%) (40+15 + 5). 

Migration distance 5 cm 

Running time 10 min 

Detection and result: The chromatogram was dried in a stream of warm air for 45 r 
in order to remove the ammonia completely, then cooled to room temperature ( 
5 min), immersed in the dipping solution for 4 s, dried in a stream of cold air and tl 
heated to 110°C for 10 min. 

Colchicine (h/? f 35-40) appeared as a yellow chromatogram zone on a colorl 
background. The detection limit lay below 5 ng substance per chromatogram zon 

In situ quantitation: The absorption photometric evaluation was carried out in ref] 
tance at a wavelength of X = 380 nm (Fig. 1). 
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Fig. 1 . Reflectance scan of a chromatogram track of a Colchicum autumnale extract (A) and of 
a reference track with 1 pg colchicine (1) per chromatogram zone (B); unknown substance (2). 
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Potassium Peroxodisulfate - 
Silver Nitrate Reagent 


Reagent for: 

• Aromatic amines and phenols [1 -4] 

e.g. resorcinol, catechol, aminonaphthols 

• Indole, w-dinitrobenzene, pyrene [2] 

• Sulfapyridine [2, 3] 

K 2 S 2 O g AgN0 3 

M r = 270.33 M r = 169.87 


Preparation of the Reagent 

Dipping solution Dissolve 1 g potassium peroxodisulfate and 34 mg silver nitrate 
60 ml water and make up to 100 ml with acetone [5]. 

Spray solution Dissolve 1 g potassium peroxodisulfate and 17-34 mg silver 
trate in a mixture of 1 ml acetone and 99 ml water [1, 2] or in pi 
water [3]. 

Storage The reagent solutions may be kept for extended periods. 

Substances Potassium peroxodisulfate 

Silver nitrate 
Acetone 
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Reaction 


Peroxodisulfate ions oxidize aromatic amines and phenols to colored derivatives, partic 
ularly under the catalytic influence of silver ions [1-4]. 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, immersed 
in the dipping solution for 1 s or homogeneously sprayed with the spray solution and 
then heated to 50-110°C for 2-5 min. " 

Yellow, orange to violet or grey-black chromatogram zones are produced, generally 
before heating. The background is colorless [1-4]. 

■i 

Note: The dipping solution can also be used as a spray solution. Aromatic amines react 
more sensitively than do phenols [1]. The presence of acetone in the reagent increases 
the sensitivity for some substances, e.g. for sulfapyridine [2], 

The visual detection limits for aromatic amines and phenols are 100-600 ng sub¬ 
stance per chromatogram zone [1-3]. 

The reagent can, for example, be used on silica gel, kieselguhr and Si 50000 layers. 


Procedure Tested 


Aminophenols [5] 


Method 


Layer 


Mobile phase 


Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

HPTLC plates Silica gel 60 F254 (Merck) that were prewashed 
before use by developing once to the upper edge of the plate, be¬ 
fore application of the sample, with chloroform - methanol 
(50 + 50) and then dried at 110 °C for 30 min 

Toluene — methanol (10+10). 


Migration distance 5 cm 
Running time 15 min 

Detection and result: The chromatogram was first dried in a stream of cold air fc 
5 min, then immersed in the dipping solution for 1 s, briefly dried in a stream of col 
air and then heated to 110 °C for 2 min. 

2-Aminophenol (h7? f 70-75, = 430 nm) appeared as a yellow-green chromat< 

gram zone and 4-aminophenol (h/? f 60-65, X max = 360-380 nm) as a grey-brown chr< 
matogram zone on a colorless background. The photometric detection limits are 50 r 
substance per chromatogram zone. 


In situ quantitation: The absorption photometric evaluation in reflectance was carri< 
out at a mean wavelength of X = 400 nm (fig. 1). 

2 



Fig. 1: Absorption scan of a chromatogram track with 200 ng each per chromatogram zone 
4-aminophenol (1) and 2-aminophenol (2). 
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Selenium Dioxide Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 0.5 g selenium dioxide in 50 ml methanol and add 1 
glacial acetic acid [2]. 

Spray solution Dissolve 3 g selenium dioxide in 100 ml water [1]. 

Storage Both reagents may be stored for longer periods. 

Substances Selenium dioxide 

Methanol 

Acetic acid (100%) 
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Reaction 


The reaction mechanism has not been elucidated. Reducing substances presumably re¬ 
lease red elementary selenium [1]. Aromatic o-diamines yield highly fluorescent 
selenodiazoles with selenium dioxide. 



2,3-Diaminonaphthalene Selenium Selenodiazole 

dioxide 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, then im¬ 
mersed twice in the dipping solution for 2 s or sprayed homogeneously with the spray 
solution and then heated to 120 °C for 15-20 min. 

Variously colored chromatogram zones appear, some before heating, on a colorless 
background [1]; those produced by aromatic o-diamines are excited to fluorescence by 
long-wavelength UV light (A, = 365 nm) [2]. 

Note: Reducing sugars do not react [1], In the course of a few days the chromatogram 
zones gradually acquire brown-black discoloration, presumably as a result of the pro¬ 
duction of elementary selenium [1]. 

The detection limits for aromatic amines are 1 -2 pg substance per chromatogram 
zone [1] and 3 ng substance per chromatogram zone for aromatic o-diamines [2]. 

The reagent can be employed, for example, on silica gel, kieselguhr and on Si 50000 
layers. : 


Procedure Tested 

Aromatic o-Diamines [2] 

Method Ascending, one-dimensional development in a trough chamb 

without chamber saturation. 

Layer HPTLC plates Silica gel 60 (Merck). 

Mobile phase 2-Propanol — chlorobenzene - n-hexane — water — ammon 

solution (25%) (52+34+20+10+5). 

Migration distance 6 cm 

Running time 35 min 

Detection and result: The chromatogram was freed from mobile phase for 5 min in 
stream of cold air, immersed twice in the dipping solution for 2 s and then dried f 
5 min in a stream of cold air. In order to stabilize and enhance the fluorescence inte 
sity it was then immersed twice for 2 s in a solution of Triton X-100 — chlorofor 
(1+4), with the chromatogram being kept in the dark between and after these dippii 
processes. 

After ca. 30 min, when the chloroform had evaporated, fluorescent chromatogra 
zones appeared on a dark background on excitation with long-wavelength UV lig 
(A. = 365 nm): 2,3-diaminonaphthalene (h/? f 70-75), red and 2,3-diaminopyridine (h. 
55-60), blue. The detection limits were 3 ng substance per chromatogram zone. 

In situ quantitation: The fluorimetric scans were carried out at several combinatio 
of excitation and measurement wavelengths (Fig. 1). 
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1 1 2 



Fig. 1: Fluorescence scans of a chromatogram track with 60 ng each of 2,3-diaminopyridine (1)1 
and 2,3-diaminonaphthalene (2) per chromatogram zone: 

A) ^exc = 365 nm and > 560 nm (cut off filter FI 56); B) X CXL . = 313 nm and > 390 nm (cut 

off filter FI 39); C) X ac = 365 nrn and X n > 390 nm (cut off filter FI 39). 
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Sodium Hydroxide Reagent 


Reagent for: 

• a-Pyrone derivatives 
e.g. umbelliprenine [1] 

cumarin [2-4] 
dicumarol [5] 

• Phenyl-l,3-indandione metabolites [5] 

• Mycotoxins 

e. g. patulin as 2,4-DNPH derivative [6] 

• Quinones [7] 
e.g. antibiotics 

such as xanthomegnin, viomellein [8] 

• Pesticides 
e.g. insecticides 

such as phosalone [9], carbofuran [10], sevin [11] 
organophosphorus pesticides 
such as bayrusil, cythioate, dursban, menazon [12]; 
paraoxon [13] 

2-sec-butyl-4,6-dinitrophenyl herbicides and acaricides [14] 
such as dinobuton, 2-s , ec-butyl-4,6-dinitrophenol 

• Pharmaceuticals 
e.g. in urine [15] 

• Steroid and stilbene derivatives 
e.g. /rans-stilbene metabolites [16] 

A 4 -3-ketosteroids [17] 

• Glucose-8-methionine [18] 

• Homogentisic acid [19] 

• Arabinosylcytosine [20] 

• Sennosides [21] NaOH 

• a-Naphthol [11] Mf = 40.00 
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Preparation of the Reagent 


Dipping solution 


Spray solution 


Storage 

Substances 


Sodium hydroxide solution (c = 0.1 ... 1 mol/L) in methanol -! 
water (60+40) [22]. 

Sodium hydroxide solution (c = 1 to 2.5 mol/L) in methanol-wa^ 
ter mixtures (e.g. 50+50) [3, 5-7, 9-14, 16, 18, 21]. 

The solutions may be stored in the refrigerator for longer periods 

Sodium hydroxide pellets 
Methanol 


Reaction 


The course of the reaction has not been fully clarified. Hydrolytic and aromatization 
processes are probably responsible for the formation of colored or fluorescent deriva- j 
tives (cf. Potassium Hydroxide Reagent). For instance, sevin is converted to a-naphthol 
[11] and paraoxon to the yellow 4-nitrophenolate anion [13]. In the case of a-pyrone 
derivatives it is assumed that the alkali metal salt of the o-hydroxycinnamic acid pro-' 
duced by hydrolytic cleavage of the pyrone ring is converted from the non-fluorescent' 
cis- to the fluorescent trans-form by the action of long-wavelength UV light ! 
(X = 365 nm) [2], 



Cumarin Anion of cis-ortho- 

hydroxycinnamic acid 



Anion of trans-ortho- 
hydroxycinnamic acid 


Method 


The developed chromatograms are freed from mobile phase in a stream of cold air for 
5 min, then immersed in the dipping solution for 2 s or homogeneously sprayed with 
the spray solution and heated to 80-150 °C for 5-10 min. 


Colored or, under long-wavelength UV light (X = 365 nm), yellow or blue fluorescent 
chromatograph zones appear, even after drying the chromatogram in a stream of cold 
air, but sometimes only after heating to 80°C [17], to 130°C [9] or 150°C [22] for 
5-10 min. 

Note: It is occasionally recommended that after it has been sprayed the plate should 
be covered with a glass plate for several minutes until optimum reaction has occurred 
[11], or be irradiated with long-wavelength UV light (X = 365 nm) [2]. Methanolic po¬ 
tassium hydroxide solution can also be used in place of sodium hydroxide [12] (see Po¬ 
tassium Hydroxide Reagent). The formation of colors and fluorescences depends on the 
length of heating and on the temperature employed; optimum conditions must be dis¬ 
covered empirically [ 12 ]. 

The 2,4-dinitrophenylhydrazone of patulin and other mono-2,4-dinitrophenylhydra- 
zones form red zones, 2 -.vec-butyl- 4 -amino- 6 -nitrophenol appears as a red-orange zone 
while dinitrophenols and their esters are colored yellow [14]. A whole range of 
organophosphorus pesticides do not give any reaction [ 12 ]. 

The detection limits per chromatogram zone are 1 ng for sevin and a-naphthol [11], 
1 to 100 ng for organophosphorus pesticides, 500 ng for paraoxon [13] and 2 ng for 
cumarin [3], 

The reagent can, for example, be used on silica gel, kieselguhr, Si 50000, NH 2 and 
diol layers. 


Procedure Tested 

A 4 -3-Ketosteroids and Stilbene Derivatives [22] 

Method Ascending, one-dimensional development in a trough chambei 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Chloroform - methanol (98+2). 

Migration distance 8 cm 
Running time 15 min 

Detection and result: The chromatogram was freed from mobile phase in a stream o 
cold air for 5 min, immersed in the dipping solution for 2 s (c = 1 mol/L) and heatec 
to 150 °C for 10 min. 
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Weakly fluorescent zones were visible under long-wavelength UV light (X = 365 « 
(Fig. 1). Cortisone (hR { 0-5), dienestrol (h/? f 10-15), 4-androstene-3,17-dione ft 
50-55) and 4-cholesten-3-one (hR { 60-65) had an ochre fluorescence. Diethylstfi 
estrol (hi? f 10-15), 17a-ethinyl-l,3,5-estratriene-3,17B-diol (h/? f 25-30) and estro 
(h/? f 35-40) had a blue emission. 




fl*' 1: F1 “ orescence scan of a chromatogram track with 1 gg cortisone (1), 100 ng dienestrol (2), 
300 ng 17a-ethmyl-l,3,5-estratriene-3,17B-diol (3), 100 ng estrone (4) and 1 gg each of 4 - 
androstene-3,17-dione (5) and 4-cholesten-3-one (6): A. before immersion in Triton X-100 B after 
immersion followed by brief drying, C after heating to 120°C for 10 minutes and D. for a further 
20 minutes to increase the fluorescence. 



Fig. 2: Increase in the fluorescence intensity of dienestrol as a function of heating time after im¬ 
mersion of the chromatogram in sodium hydroxide solution (c = 1 mol/L) followed by treatment 
with Triton 100-X and heating to 120 °C. 


After heating the chromatogram was immersed in a solution of 2 ml Triton X-100 ir 
5 ml chloroform plus 35 ml n-hexane in order to intensify the fluorescence and then 
dried in a stream of cold air. This brought about an appreciable increase in the fluores¬ 
cence intensity of dienestrol and diethylsilbestrol, while the intensities of the other ste¬ 
roids were only marginally increased (Fig. 1). 

Heating the chromatogram to 120 °C after treatment with Triton X-100 led to a fur¬ 
ther increase in sensitivity that was dependent on the length of heating (Fig. 2). 

The detection limits lay between 0.5 and 30 ng substance per chromatogram zone 

In sito quantitation: The fluorescence scan was carried out at A, rac = 365 nm anc 
X n > 430 nm (cut off filter FI 43). 





ouuium nyaroxiae Reagent 
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Sodium Nitrite-Naphthol Reagent 


Reagent for: 



• Primary aromatic amines [1-3] 



e. g. substituted anilines [4, 5] 



• Sulfonamides [3, 6] 


OH 

e.g. sulfadiazine, sulfanilamide, sulfathiazole. 


sulfamerazine, sulfamethazine 




NaNO z 

CioHgO 


M r = 69.00 

M r = 144.17 


Sodium nitrite 

1-Naphthol 


Preparation of the Reagent 


Dipping solution I Dissolve 5 g sodium nitrite in 20 ml water, add 2 ml hydrochloric 
acid (32%) and make up to 100 ml with ethanol [7]. 

Dipping solution II Dissolve 5 g 1-naphthol (a-naphthol) in 100 ml ethanol [7]. 

Spray solution I Dissolve 1 to 5 g sodium nitrite in 100 ml hydrochloric acid 
(c = 0.2 to 1 mol/L) [4, 6], 

Spray solntion U Dissolve 0.2 to 5 g 1-naphthol [4] or 2-naphthol (B-naphthol) [5, 
6] in 100 ml methanol [4] or sodium hydroxide solution 
(c = 0.1 mol/L) [6]. 

Storage All reagent solutions may be stored in the refrigerator for several 

days [7]. 


Substances 


Sodium nitrite 

1- Naphthol 

2- Naphthol 
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Hydrochloric acid (c = 1 mol/L) 
Hydrochloric acid (32%) 
Ethanol 
Methanol 


Reaction 


ether [1]. The a- or P-naphthol in the reagent can be replaced by N-(l-naphthyl)ethyl- 
enediamine (cf. Bratton-Marshall reagent, Vol. 1 a). 

A few aromatic amines do not react: e.g. o-substituted diamines yield benzotriazoles 
that cannot couple [1]. 

The detection limits per chromatogram zone are 250 ng for sulfonamides [6] and 
80 ng for substituted anilines [7], 

The reagent can, for example, be employed on silica gel, kieselguhr. Si 50000 and cel¬ 
lulose layers. 


Primary aromatic amines are first diazotized by the action of sodium nitrite in acidi< 
solution and then coupled, for instance, with 1-naphthol to form azo dyes (eft 
Bratton-Marshall reagent, Vol. 1 a). ! 



H», NQ 2 ~ 
-H,0 



Prim, aromat. 
amine 


Diazonium 

salt 


( \—OH 

cr+ \=/ 

1-Naphthol 


-HC1 



Azo dye 


Method 


The chromatograms are freed from mobile phase in a stream of cold air, immersed in ; 
reagent solution I for 1 s or sprayed with it homogeneously until the layer begins to be i 
transparent, dried for 10 min in a stream of cold air (or 5 min at 50-100°C [4, 6]), im-, 
mersed in solution II for 1 s or sprayed with it homogeneously and finally dried in a; 
stream of warm air for 5 min. 

Pink-red to orange-colored chromatogram zones are formed, usually at once, on a 
colorless background. Brown to black colors are also sometimes produced [1]. i 

Note: The diazotization of primary aromatic amines can also be carried out by treating j 
the chromatograms for 3-5 min with nitrous fumes in a twin-trough chamber; the > 
fumes are generated by adding 25% hydrochloric acid to 20% sodium nitrite solution 

• S 

in the free trough [5], Alternatively the diazotization can be carried out by spraying the 
chromatograms with a solution of 3% pentyl nitrite and 3% formic acid in diethyl ; 


Procedure Tested 

Substituted Anilines [7] 


Method Ascending, one-dimensional, two-fold development at 20 °C in a 

trough chamber without chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck) that are precleaned by 

immersion overnight in 2-propanol and then dried at 110°C for 
30 min. 

Mobile phase 1. Methanol - acetic acid (100+1). 

2. Chloroform - n-hexane - diisopropyl ether - dichloro- 
methane — formic acid (50+35 + 10+5+0.45). 

Migration distance 1. 0.8 cm 
2. 6.5 cm 

Running time 1. 1 min 

2. 25 min 

Detection and result: The chromatogram was dried (5 min in a stream of cold air), im¬ 
mersed in dipping solution I for 2 s and then dried in a stream of cold air. It was then 
immersed in dipping solution II for 1 s and dried in a stream of warm air for 5 min. 
Sulfanilic acid (h/? f 10-15), 4-isopropylaniline (h/? f 25-30), 4-chloroaniline (hfl, 
40-45) and 3,4-dichloroaniline (h/? f 45-50) yielded pink-colored chromatogram zones 
on a colorless background. 

The detection limits lay between 20 ng (4-chloroaniline) and 80 ng (3,4-dichloro¬ 
aniline) substance per chromatogram zone. 



In situ quantitation: The absorption photometric scans were carried out in reflectance 
at a wavelength of X = 520 nm (Fig. 1). 
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Fig. 1: Reflectance scan of a chromatogram track with 30 ng sulfanilic acid (1) and 100 ng each 
of 4-isopropylaniline (2), 4-chloroaniline (3) and 3,4-dichloroaniline (4) per chromatogram zone. 
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Sucrose-Hydrochloric Acid Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 2 g sucrose in 5 ml water and 5 ml hydrochloric aci 
(32%) and make up to 100 ml with ethanol [1]. 

Storage The dipping solution can be stored over a longer period. 

Substances Sucrose 

Hydrochloric acid (32%) 

Ethanol 

Ammonia solution (25%) 
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Reaction 


The hexoses that are the initial products of acid hydrolysis of sucrose (1) react at ele¬ 
vated temperature under the influence of acids to yield furfural derivatives (2). Thea 
condense, for example, with the phenols to yield triarylmethanes (3), these react furthej 
by oxidizing to yield colored quinoid derivatives (2, 4). Polyhydric phenols, e.g. resor- 
cinol, on the other hand, yield condensation products of Types 5 and 6 [2], 


H H 

HO-C-C-OH 

H -c C' H 
hoh 2 c^ 00 >"cho 

HH 

1 


OH 


H + 


-3H,0 +2 


HOH 2 C-yL C HO 

2 X 



OH 


f . v 

0 X" HC-ly-CH,OH CH.OH 



OH 


OH 



Method 


The chromatogram is freed from mobile phase in a stream of warm air, immersed in 
the reagent solution for 2 s or homogeneously sprayed with it and briefly dried in a 
stream of warm air. It is then heated to 110°C for 2 min and, after cooling to room 


temperature, treated with ammonia vapor for 5 min in a twin trough chamber whose 
empty trough contains 10 ml 25 % ammonia solution. 

Yellow to brown chromatogram zones are formed on a colorless background. 

Note: In long-wavelength UV light (X = 365 nm) derivatized phloroglucinol emits a 
reddish fluorescence that is not suitable for quantitative analysis [1]. 

The detection limits are in the lower nanogram range. 

The reagent can, for example, be used on silica gel, kieselguhr. Si 50000, CN, diol, 
cellulose and RP layers. 


Procedure Tested 


“Trihydric” Phenols [1] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

Layer HPTLC plates CN F 2 5 4s (Merck). 

Mobile phase Toluene — ethyl acetate (80+20). 

Migration distance 6 cm 

Running time 10 min 

Detection and result: The chromatogram was dried in a stream of warm air for 10 min, 
immersed in the reagent solution for 2 s, briefly dried in a stream of warm air and 
heated to 110°C for 2 min. After cooling to room temperature it was then exposed to 
ammonia vapors for 5 min (5 ml ammonia solution in the empty trough of a twin 
trough chamber). 

Phloroglucinol (h/? f 15-20) yielded an ochre-colored and pyrogallol (hR f 35-40) a 
brown chromatogram zone on a colorless background. The detection limits were 20 ng 
substance per chromatogram zone. 

In situ quantitation: The absorption photometric analysis in reflectance was carried out 
either at the absorption maximum of the pyrogallol derivative at X max = 350 nm (Fig. 
1A) or at the absorption maximum of the phloroglucinol derivative at L,,,.,* = 420 nm 
(Fig. IB). 
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Fig. 1: Reflectance scans of a chromatogram track with 200 ng each of (1) phloroglucinol and (2) 
pyrogallol per chromatogram zone at wavelengths X = 350 nm (A) and X = 420 nm (B). 
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Sulfanilic Acid, Diazotizea Keageni 

(Pauly’s Reagent) 


Reagent for: 


Phenols and amines capable of coupling [4, 8] 
e.g. aniline derivatives, aminophenols [5] 
such as tyramine [9] 
phenolcarboxylic acids [1, 3] 
such as gallic acid, caffeic acid, chlorogenic acid 
PHB esters [7] 
phenolic aldehydes 

such as salicylaldehyde, 4-hydroxybenzaldehyde [3] 

phenolic alcohols 

such as coniferyl alcohol [3] 

chlorophenols [10] 

naphthylamines [6] 

flavonoids [3, 27] 

cumarins [1-3] 

Heterocyclics [4] 

e.g. imidazole derivatives 

such as histamine [11], clotrimazole [12] 
kojic acid [13], imidazole thioethers [14] 
histidine and metabolites [15] 
indanedione derivatives [2] 

Proteins 

e.g. cytochrome C, ovalbumin, aldolase [16] 

Oligo- and polypeptides [18, 21-23, 26] 
e.g. Amanita toxins 

such as amanitin, phalloidin [17, 20] 
angiotensin peptides [24, 25] 
insulin derivatives [19] * 

Penicillic acid [13] 

Carboxylic acids [29] 

e. g. sorbic acid, malic acid, citric acid 


c 6 h 7 no 3 s 

M r = 173.19 



Solution IV 
Solution IV a 
Dipping solution 

Spray solution 

Storage 

Substances 


ice. This solution is ready for use after 15 min reaction at 0 °C. 

Dissolve 10 g sodium carbonate decahydrate in 100 ml water. 

Dissolve 1.5 g anhydrous sodium carbonate in 15 ml water. 

Mix 10 ml portions of solutions I and II a with cooling to 4°C, 
wait 15 min (4°C) and treat with 15 ml solution IVa [28]. 

Mix equal volumes of solutions III and IV immediately before 
use [4, 8, 20]. 

The spray and dipping solutions should always be made up fresh. 
Solution III is stable for up to 3 days at 0 °C. Solutions I, II and 
IV are stable over longer periods. 

Sulfanilic acid 
Hydrochloric acid (32%) 

Sodium nitrite 

Sodium carbonate decahydrate 
Sodium carbonate anhydrous 
Methanol 


Method 


The chromatograms are freed fron 
neously sprayed with the freshly ] 
transparent. 

Chromatogram zones of variou 
immediately but occasionally aftei 
longer periods [20]. 

Note: The sulfanilic acid can also 
ers; in this case the chromatogram 
in 10 mol hydrochloric acid) [5]. I 
diazotized sulfanilic acid [3]. In tl 
alcoholic iodine solution to cleave 
sodium carbonate solution and f 
2,4,6-Trichlorophenol and 2,3,4 
The detection limits for phenol 
are 0.1-1 pg substance per chron 
The reagent can be used, for ex; 
lulose layers. 



Procedure Tested 


Nitrophenols [28] 

Ascending, one-dimensional development in a trough chamber 
with chamber saturation. 

L »y er HPTLC plates Silica gel 60 F 254 (Merck); before the samples 

were applied these were immersed for 4 h in 2-propanol and then 
dried for 30 min at 110 °C. After cooling in the desiccator the lay¬ 
ers were protected from atmospheric moisture by covering them 
1 cm above the start zones with a glass plate. 

Mobile phase Ethyl acetate — n-hexane (65 + 35). 

Migration distance 6.5 cm 
Running time 13 min 

Detection and result: The chromatogram was freed from mobile phase in a stream of 
cold air (5 min), immersed in the dipping solution for 1 s and then dried for 5 min in 
a stream of cold air. 

2,4-Dinitrophenol (h/? f 0-5, yellow-brown), 2,6-dinitrophenol (h/? f 10-15, yellow- 
brown), 2,5-dinitrophenol (h/? f 30-35, yellow-brown), 4-nitrophenol (hP f 40-45, yel¬ 
low), 3-nitrophenol (h/? f 50-55, light brown) and 2-nitrophenol (h/? f 60-65, pale 
beige) appeared on a light beige-colored background. 

In situ quantitation: The absorption photometric scan in reflectance was carried out 
at a mean wavelength of A. max = 420 nm (Fig. 1). The detection limits per chromato¬ 
gram zone were 5 ng (2,4- and 2,6-dinitrophenol), 10 ng (2,5-dinitrophenol and 3- and 
4-nitrophenol) and 80 ng (2-nitrophenol). 


1 2 


5 



Fie. 1: Reflectance scan of a chromatogram track with 30 ng each of 2,4-dinitrophenol (1) at 
2,6-dinitrophenol (2), 60 ng each of 2,5-dinitrophenol (3), 4-nitrophenol (4) and 120 ng each 
3-nitrophenol (5) and 2-nitrophenol (6) per chromatogram zone. 
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Sulfanilic Acid-N-(l-Naphthyl) 
ethylenediamine Reagent 


Reagent for: 

• Nitrite [1] 

• N-Nitrosamines [2, 3] 

• Nitro compounds [4] 
e.g. explosives 



such as RDX, HMX, PETN [5] 

hn-- nh > 


h 2 n-P so 3 h 

• 2HC1 


c 6 h 7 no,s 

C 12 H 14 N 2 • 2HC1 


M r = 173.19 

M r = 259.18 


Sulfanilic acid 

N-(l-Naphthyl)- 

ethylenediamine 

dihydrochloride 


Preparation of the Reagent 

Dipping solution Dissolve 200 mg sulfanilic acid and 600 mg N-(l-naphthyl)- 
ethylenediamine dihydrochloride in a mixture of 20 ml hydro¬ 
chloric acid (32%) and 10 ml water and make up to 200 ml with 
ethanol (1). 

Storage The dipping solution may be stored in the refrigerator at 4°C for 

ca. 3 weeks. 
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Sulfanilic Acid-N-(l-Naphthyl)-ethylenediamine Reagent 


Sulfanilic Acid-N-(l-Naphthyl)-ethylenediamine Reagent 


40< 


Substances Sulfanilic acid 

N-(l-Naphthyl)-ethylenediamine dihydrochloride 
Hydrochloric acid (32%) 

Ethanol 


Reaction 


dihydrochloride [2, 3, 5], In the case of N-nitrosamines the chromatograms should bi 
exposed to bright sunlight for 1-2 h before application of the Griess reagent [2], o: 
be irradiated with UV light for 10 min while still moist after application of the reagen 
[3], Nitro compounds and explosives are detected by first spraying the chromatogram 
with sodium hydroxide solution and then treating with the reagent [4, 5], 

The detection limit for nitrite is 10 ng substance per chromatogram zone. 

The reagent can, for example, be employed on silica gel, kieselguhr and Si 5000 
layers. 


In the presence of acids, sulfanilic acid - like other primary aromatic amines — reacts, 
with nitrite to yield a diazonium compound that can couple with a suitable aromatic 
amine to yield an azo dye. 


nh 2 

Q * NO,' 
so 3 h 

Sulfanilic 

acid 

HOiS 



N = NI 

so 3 h 


vJ/ 

4 ) 


-nh-ch 2 -ch 2 -nh 2 


Diazonium 

compound 


3 S “^ ^ N=N——NH—CH 2 — CH->-NH 2 

O 

Azo dye 


N-( 1-Naphthyl )-ethylenediamine 


Method 


The chromatograms are dried in a stream of warm air for 10 min, then heated to 120 °C 
for 15 min and immersed while still hot (!) in the dipping solution for 1 s or sprayed 
homogeneously with it and then dried in a stream of cold air for 10 min. 

Nitrite, N-nitrosamines and the explosives RDX and HMX yield reddish-violet t 
chromatogram zones on a pale pink-colored background. 

Note: Other aromatic amines, e. g. 1- or 2-naphthylamine in acetic acid solution (Griess | 
reagent), can be used as coupling agent instead of N-(l-naphthyl)-ethylenediamine J 


Procedure Tested 


Sodium nitrite [1] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough chambt 
with chamber saturation. 

TLC plates Silica gel 60 F 254 (Merck). 

2-Butanol - ammonia solution (25%) (8 + 2). 

4 cm 

25 min 


Detection and result: The chromatogram was dried in a stream of warm air (10 mil 
and then heated to 120°C for 15 min. While still hot (!) it was immersed in the reagei 
solution (1 s) and then dried in a stream of cold air for 10 min. 

Nitrite (h/? f 25-30) yielded a red chromatogram zone on a pale pink backgroun 
The detection limit was ca. 10 ng substance per chromatogram zone. 


In situ quantitation: The absorption photometric evaluation in reflectance was carrii 
out at the wavelength X = 550 nm (Fig. 1). 
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Sulfanilic Acid-N-(l-Naphthyl)-ethylenediamine Reagent 



Fig 1: Reflectance scan of a chromatogram track with 50 ng nitrite (1). 


Tetrabromophenolphthalein 
Ethyl Ester-Silver Nitrate-Citric Acid 

Reagent 

(Duggan Reagent) 
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Reagent for: 

• Thiophosphate pesticides [1] 

• Triazines [2] 




COOH 

kiv-OCzHs 


ch 2 

Br YYi\ Br 


| 

HO-C-COOH 

I 

k +- <ji T^° 

Br Br 


ch 2 

1 

COOH 

C22Hi3Br 4 0 4 K 

AgN0 3 

■ h 2 o 

M r = 700.08 

M r = 169.87 

M r = 210.14 

3,3',5,5'-Tetra- 

Silver nitrate 

Citric acid 


bromophenolphthalein 
ethyl ester K salt 


Preparation of the Reagent 

Dipping solution I Dissolve 0.1 g 3,3',5,5'-tetrabromophenolphthalein ethyl ester p< 
tassium salt in 50 ml acetone [2]. 

Dipping solution II Dissolve 0.5 g silver nitrate in 25 ml water and make up to 100 n 
with acetone [2]. 
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Tetrabromophenolphthalein Ethyl Ester-Silver Nitrate-Citric Acid Reagei 

Dipping solution in Dissolve 5 g citric acid monohydrate in 50 ml water and make 
to 100 ml with actone [2], 

Storage Dipping solutions I and III can be stored in the refrigerator far 

least 1 week. Dipping solution II should be made up fresh daily 

Substances Tetrabromophenolphthalein ethyl ester potassium salt 

Silver nitrate 
Citric acid monohydrate 
Acetone 


Reaction 


3,3',5,5'-Tetrabromophthalein ethyl ester potassium salt is a pH indicator that changei 
from blue to yellow in the pH range 4.2-3. It is known that proteins and alkaloids form, 
blue-colored salt-like adsorption compounds with this indicator that are not destroyed 
by weak acids [3], Thiophosphate pesticides and triazines possibly form similar com-* 
pounds. 


Method 


The chromatograms are freed from mobile phase in a stream of warm air, immersed fa 
dipping solution I for 3 s, dried in a stream of cold air for 15 min and immersed in dip-* 
ping solution II for 3 s. After drying in a stream of cold air for 2 min they are immersed 
in dipping solution III for 3 s and finally dried for 5 min in a stream of cold air. 

Blue-colored chromatogram zones are formed on a yellow background. 

Note: The dipping solutions can also be used as spray solutions [1]. The chromatogram 
zones are most intensely blue-colored 5 to 10 min after the chromatograms have been 
treated with citric acid [1]. The whole layer background then gradually acquires a blue- 
green coloration over a further 10 min period. However, the difference in color between 
the chromatogram zones and their background can be restored once more by further 
treatment with citric acid before the blue color of the derivatives completely and irre¬ 
versibly fades after about 30 to 40 min [1], The analogous oxygen compounds to para- 
thion, dichlorvos, naled, mevinphos, phosphamidon and trichlorfon do not react [1J. 


fetrabromophenolphthalein Ethyl Ester-Silver Nitrate-Citric Acid Reagent 

The detection limits for thiophosphate insecticides are 50-100 ng substance per chro¬ 
matogram zone [1]. 

The reagent can, for example, be used on silica gel, kieselguhr, aluminium oxide and 

Si 50000 layers. 


Procedure Tested 


Triazines [2] 

Ascending, one-dimensional development in a trough chambei 
without chamber saturation. 

HPTLC plates Silica gel 60 F 254 (Merck), that were precleansec 
by dipping in 2-propanol for 12 h (overnight) and then dried a 
110°C for 60 min. 

n-Pentane — chloroform — acetonitrile (50+40+10). 
Migration distance 7 cm 
Running time 25 min 

Detection and result: The chromatogram was dried for 5 min in a stream of cold ai 
and for 15 min at 60 °C, then immersed in dipping solution I for 3 s. After drying fc 
15 min in a stream of cold air it was immersed in dipping solution II for 3 s, dried fc 
exactly 2 min in a stream of cold air, immersed in dipping solution III for 3 s and f 
nally dried in a stream of cold air for 5 min. 

The triazines aziprotryn (hjR f 90-95), dipropretryn (hi? f 80-85), prometryn (hi 
75-80), ametryn (hR f 65-70), desmetryn (h/? f 50-55) and methoprotryn (hR f 40-51 
yielded blue-colored chromatogram zones on a yellow background, that turned pal 
yellowish-green after ca. 1 h. However, this did not interfere with the quantitative evali 
ation. The detection limit was 20 ng substance per chromatogram zone. 

In situ quantitation: The absorption spectrophotometric quantitation was carried oi 
in reflectance at the wavelength X = 565 nm (Fig. 1). 


Method 

Layer 

Mobile phase 





ictiuviviriupnenuipninaiem Ethyl Ester-Silver Nitrate-Citric Acid Reag t 



f an ,° f 3 chromatogram track with 200 "g substance per chromatogram zone 
1 = methoprotryn, 2 = desmetryn, 3 = ametryn, 4 = prometryn, 5 = dipropretryn, 6 = LproTr^ 
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N,N,N',N'-Tetramethyl-1,4- 
phenylenediamine Reagent 

(Wurster’s Blue Reagent) 


Reagent for: 


• Peroxides 

e.g. sterol hydroperoxides [1], 

such as cholesterol linoleate hydroperoxide [2] 

• Steroids [1J 

e.g. A 4 -3-ketosteroids 

• Nitrate esters 

e. g. nitroglycerine, diglycerine tetranitrate 
ethylene glycol dinitrate [3] 

• Polynitroaromatics [3] 

• Pesticides and pesticide metabolites 
e.g. aniline and urea derivatives [4] 

carbamate and organophosphorus insecticides [4] 
triazines [4, 5] 

• Aromatic amines 

e. g. 1,4-phenylenediamine, 2-amino-4-chlorophenol, 
4-nitroaniline, 4-amino-3-nitrotoluene [5] 


H 3 C 

cr HN 

/ 

h 3 c 




+ / CH 3 
NH C 

X ch 3 


C10H18C12N2 
M r = 237.17 



4X0 


,/v - ietramethyl-l,4-phenylenediamine Reagent 


N,N,N',N'- Tetramethyl-l,4-phenylenediamine Reagent 
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Preparation of the Reagent 


Dipping solution 
Spray solution 
Storage 
Substances 


Dissolve 500 mg N,N,N',N'-tetramethyl-l,4-phenylenediammo- 
nium dichloride (TPDD) in 100 ml methanol [5] or acetone [3], 

Dissolve 1 g TPDD in a mixture of 50 ml methanol, 50 ml water 
and 1 ml glacial acetic acid [1], 

The dipping solution may be stored in the refrigerator for 1 to 2 
weeks. It should always be prepared fresh for quantitative work [5], 

N,N,N ,N -Tetramethyl-l,4-phenylenediammonium dichloride 

Acetone 

Methanol 

Acetic acid (100%) 


Reaction 


Peroxides oxidize TPDD to Wurster’s blue, a product with a semiquinone diimine 
structure [1], Similarly Wurster’s blue is also produced from TPDD by reaction with 
halogen-containing substances produced by the reaction of aromatic amines and 
triazines with chlorine gas. 



Oxidation 


H,C 


H,C 


/ n K 3~ n ' 


CH 


CH 


3 


3 


WURSTER's blue 


Method 


The chromatogram is freed from mobile phase, lightly but homogeneously sprayed with 
the spray solution or immersed in the dipping solution for 2 s. Triazines and aromatic 
amines must first be converted to chlorinated derivatives by exposing the chromato¬ 
gram to chlorine gas (see “Procedure Tested”). 


After a few minutes drying in air sterol hydroperoxides, nitrate esters, triazines an 
aromatic amines yield blue-violet chromatogram zones on a pale blue to violet bad 
ground [1, 3]. Polynitroaromatics yield yellow to dark beige zones [3]. 

Note: The substances that will react with TPDD reagent do not all react with the chem 
cally related N,N-dimethyl-l,4-phenylenediamine reagent (N,N-DPDD, q.v.). Hence 
is possible to use both reagents at the same time to allow differentiation between sul 
stances (cf. Table 1) [4]. The reaction on the reagent-treated layer can be accelerated t 
brief exposure to UV light [3], When allowed to stand the spray solution relatively ra] 
idly discolors to a dark violet [1], so it should always be made up freshly. The contra 
between the colored zones and the background can be improved by warming the chr< 
matogram. The colors of the chromatogram zones remain stable for several days, whi 
the background gradually darkens [1], 

The detection limits per chromatogram zone are 50 ng substance for sterol peroxidi 
[1], 20-100 ng for nitrate esters [3] and 5-25 ng for aromatic amines [5], 

The reagent can be used, for example, on aluminium oxide, silica gel, kieselguhr aT 
Si 50000 layers. 


Table 1: Comparison of the reaction of pesticides (amounts applied 0.8 pg, without chromat 
graphic development) with N.N-DPDD (Wurster’s Red) and TPDD (Wurster’s Blue) reager 
[ 4 ]: - = negative, ( + ) = weakly positive and + + + = positive reaction. 


Substance class/Substance 

Wurster’s Red 
Reaction 

Wurster’s Blue 
Reaction 

Aniline derivatives 

Alachlor 

- 

“ 

Pendimethalin 

- 

— 

Trifluralin 

- 

— 

Metazachlor 

_ 

(+) 

Metolachlor 

- 

(+) 

Carbamate pesticides 

Aldicarb 

- 

+ + + 

Carbetamide 

- 

+ + + 

Carbofuran 

- 

+ + + 

Chloropropham (CICP) 

- 

+ + + 

Phenmedipham 

- 

+ + + 

Propham 

— 

+ + + 

Urea pesticides 

Chloroxuron 

( + ) 

+ + + 

Chlortoluron 

( + ) 

+ + + 

Diuron 

( + ) 

+ + + 

Dimefuron 

- 

+ + + 
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N,N,N',N'-letramethyl-l,4-phenylenediamine Reagent 


,/V- leirameinyi-l.v-pnenyieneuiurrum; ixcugcm 


•n/ 


Table 1 (continued) 


Substance class/Substance 

Wurster’s Red 
Reaction 

Wurster’s Blue 
Reaction 

Fenuron 

— 

+ + + 

Isoproturon 

— 

+ + + 

Linuron 

— 

+ + + 

Methabenzthiazuron 

— 

+ + + 

Metobromuron 

_ 

+ + + 

Metoxuron 

— 

+ + + 

Monolinuron 

(+) 

+ + + 

Monuron 

( + ) 

+ + + 


Chlorinated hydrocarbons 

Endosulfan 


Table 1 (continued) 



-- 

Wurster’s Red 

Wurster’s Blue 

Substance class/Substance 

Reaction 

Reaction 

Pesticide metabolites 

Aniline 

— 

+ + + 

4-Bromoaniline 

+ + + 

+ + + 

3-Chloroaniline 

+ + + 

+ + + 

4-Chloroaniline 

+ + + 

+ + + 

4-Chlorophenol 

— 

+ + + 

Desethylatrazine 


+ + + 

Dichlobenil 



3,4-Dichloroaniline 

+ + + 

+ + + 

2,4-Dichlorophenol 

+ + + 

+ + + 

2,6-Dimethylaniline 


+ + + 


Organophosphorus pesticides 


Azinophos-ethyl 

Chlorphenvinfos 

Parathion-ethyl 

Parathion-methyl 

- 

(+) 

(+) 

Driazines 



Atrazine 

+ + + 

+ + + 

Cyanazine 

+ + + 

+ + + 

Desisopropylatrazine 

+ + + 

+ + + 

Hexazinon 

— 

(+) 

Metamitron 

_ 


Metribuzin 

(+) 

_ 

Prometryn 

+ + + 

+ + + 

Propazine 

+ + + 

+ + + 

Sebutylazine 

+ + + 

+ + + 

Simazine 

+ + + 

+ + + 

Terbutryn 

+ + + 

+ + + 

Terbutylazine 

+ + + 

+ + + 

Uracil derivatives 

Bromacil 

- 

+ + + 

Aromatic nitro compounds 

Dinocap 

— 

— 

Dinoseb acetate 

- 

- 

Miscellaneous pesticides 



Amitrole 

— 

+ + + 

Bentazon 

— 

+ + + 

Chloridazon 

_ 

+ + + 

Crimidine 

_ 

(+) 

Vinclozolin 

- 

+ + + 


Procedure Tested 


Aromatic Amines [5] 


Method 

Layer 

Mobile phase 
Migration distance 
Running time 


Ascending, one-dimensional development in a trough chambei 
without chamber saturation. 

TLC plates Silica gel 60 F 254 (Merck). 

Toluene — ethanol (19 + 1). 

8 cm 

13 min 


Detection and result: The chromatogram was first dried in a stream of cold air fo 
10 min, it was then placed for 2 min in a chamber filled with chlorine gas (cylinder; 
then freed from excess chlorine in a stream of cold air for exactly 5 min (fume cup 
board!) and immersed in the dipping solution for 2 s. 

After drying for 10 min in a stream of cold air 1,4-phenylenediamine (h/? f 5-10 
2-amino-4-chlorophenol (h/? f 15-20), 4-nitroaniline (h/? f 25-30) and l,4-amino-3-nitrc 
toluene (h R f 50-55) appeared as blue-violet chromatogram zones on a blue bad 
ground. These could be recognized without difficulty for several days from the bac 
of the chromatogram. 
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4-nitroaniline) and 25 ng (2-amino-4-chlorophenol, 4-amino-3-nitrotoluene). 

In situ quantitation: The photometric evaluation was carried out in reflectance at a 
wavelength of X = 608 nm (Fig. 1). 


3 



Fig. 1: Reflectance scan of a chromatogram track with 125 ng each substance per chromatogram 
zone: 1 = 1,4-phenylenediamine, 2 = 2-amino-4-chlorophenol, 3 = 4-nitroaniline, 4 = 4-amino- 
3-nitrotoluene. 
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Preparation of the Reagent 


Dipping solution Dissolve 0.5 g thymol in 95 ml ethanol (96%) and cautiously 
5 ml cone, sulfuric acid. 

Storage The reagent solution may be kept for about 2 days [I]. 

Substances Thymol 

Ethanol (96%) 

Sulfuric acid (95-97%) 
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Thymol-Sulfuric Acid Reagent 


Reaction 


The mechanism has not been elucidated. 


Method 


The chromatograms are freed from mobile phase in a stream of cold air, immersed iM 
the reagent solution for 3 s fl] or sprayed homogeneously with it until the layers begin 
to become transparent [2, 11 , 13]. They are then heated to 110-125 °C for 5 to 20 min 
[1, 2, 7, 10, 11, 13] or, in the case of sorbitol, to 170°C for 10-15 min [12], 

The sugars appear as chromatogram zones of various colors (yellow, pale pink, red * 
to blue) on an almost colorless background [1-3, 6 , 7], Uronic acids acquire a beige' 
to violet-pink coloration [ 2 , 4 , 6 ]. 

Note: The various tones of the colors produced by the sugars, that alter during the first 
hour after reaction [ 1 , 2], make it possible to differentiate according to color. Glucose 
and galactose are somewhat less strongly pigmented than the other sugars [1], Prolon¬ 
gation of the heating after dipping or spraying leads to the fading of some zones at least 
on silica gel layers impregnated with bisulfite [ 10 ], 

The detection limits for sugars are of the order of 25 ng substance per chromatogram 
zone [ 1 ]. 

The reagent can, for example, be used on silica gel, sodium acetate, bisulfite- or boric 
acid-impregnated silica gel layers, kieselguhr and silica gel/kieselguhr layers. 


Procedure Tested 


Fructo-Oligosaccharides [1] 

Method Ascending, one-dimensional development in a trough chamber 

without chamber saturation. 

TLC plates or TLC aluminium sheets silica gel 60 F 254 (Merck). 


Layer 


Thymol-Sulfuric Acid Reagent 
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Mobile phase Ethyl acetate - ethanol (96%) - acetic acid (60%) - boric acid 

solution (cold saturated) (50+20+10 + 10 ). 

Migration distance 10 cm 
Running time 50-55 min 

Detection and result: The chromatogram was dried at 55 °C for 30 min, immersed in 
the reagent solution for 3 s after cooling and then heated to 110°C for 10 min. 

The sugars fructosyl-nystose (hi? f 15-20), maltotetraose (hi? f 15-20), nystose (h/? f 
20) 1 -kestose (W? f 20-25), 6 -kestose (hi? f 20-25), raffinose (W? f 20-25), melibiose 
(hfl f 20-25), maltotriose (h/? 20-25), panose (hR f 20-25), melezitose (h/? f 25), lactose 
(hR f 25), sorbose (W? f 25-30), trehalose (h R f 25-30), neokestose (W? f 25-30), 
turanose (W? f 25-30), fructose (hR f 30), maltose (h R f 30), sucrose (h« f 30-35), galac¬ 
tose ( hR { 35-40), glucose (h7? f 40), arabinose (h R f 40-45), mannose (h/? f 40-45), 
xylose (h/? f 45-50) and ribose (hi? f 50) appeared as reddish-blue chromatogram zones 
on a pale background (Fig. 1A). 

In situ quantitation: The photometric measurement in reflectance was carried out al 
X = 525 nm (Fig. IB). In order to ensure that the zone coloration had stabilized, scan¬ 
ning was not commenced until ca. 30 min after the dipping process. The detection limii 
for sugars was of the order of 25 ng substance per chromatogram zone. 
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Thymol-Sulfuric Acid Reagent 


A 


* f 

• a 

§■ 

♦ ♦ 

• * * * 

• * 




Fig. 1: (A) Chromatographic separation of sugars. Track 1: fructose, 2: sucrose, 3: glucose, 4: 
mixture of the substances in tracks 1-3, 5: mixture of substances in tracks 1-3 and 6, 6: Fructo- 
oligosaccharides, 7: 1-kestose, 8: mixture of glucose, maltose, maltotriose and maltotetraose. 
(B) Absorption scan of track 5 with 200 ng each substance per chromatogram zone: 1 = fructosyl- 
nystose, 2 = nystose, 3 = 1-kestose, 4 = fructose, 5 = sucrose, 6 = glucose. 
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Tin(II) Chloride-Hydrochloric Acid- 
4-(Dimethylamino)-benzaldehyde 
Reagent 



Preparation of the Reagent 

Dipping solution I Dissolve 2 g tin(II) chloride dihydrate in a mixture of 20 ml 1 
drochloric acid (32%) and 30 ml methanol [3]. 

Dipping solution II Dissolve 0.25 g 4 -(dimethylamino)-benzaldehyde in 50 ml ol 
mixture of ethanol and 1 -butanol (50+50) [3]. 

Treat 3 ml 15 percent aqueous tin(II) chloride solution with 15 
hydrochloric acid (32%) and dilute with 180 ml water [1, 2], 


Spray solution I 



Spray solution II Dissolve 1 g 4-(dimethylamino)-ben2aldehyde in a mixture ot 
30 ml ethanol, 3 ml hydrochloric acid (32%) and 180 ml 
1-butanol [1, 2]. 

Storage The reagent solutions should always be made up fresh. 

Substances Tin(II) chloride dihydrate 

4-(dimethylamino)-benzaldehyde 
Hydrochloric acid (32%) 

Ethanol 

Methanol 

1-Butanol 


Reaction 


Tin(II) chloride reduces aromatic nitro compounds to the corresponding amines, these 
then react with 4-(dimethylamino)-benzaldehyde to yield colored Schiff’s bases. 


O CH 

H o^y N o 2 •— SnC ^— + \-f\~ N 7 -■ 

\=/ 1 Reduction \=J 1 ^ \ = f H,0 


4-Nitrophenol 


4-Aminophenol 4-(Dimethylamino)- 

benzaldehyde 


ho ~C3~ n=ch- C3 -n n 


SCHIFF's base 


Method 

The developed chromatograms are dried in a stream of warm air, immersed in dipping 
solution I for 1 s or sprayed homogeneously with spray solution I and heated to 
105-110°C for 10 min. After cooling the plates are immersed in dipping solution II for 
1 s or sprayed homogeneously with spray solution II and dried for 5 min in a stream 
of cold air. 


Chromatogram zones oi various coiois dlC piUUUt/UI VSJLl Ull UilUV/ill vu.uxvsiu w, 
ground, most of them can be excited to emit fluorescent light on exposure to long-w 
length UV light (X = 365 nm). 

Note: The aromatic amines produced by reduction with SnCl 2 in acidic medium 
be detected with fluorescamine (after neutralization of the layer by spraying with 
dium carbonate) instead of 4-(dimethylamino)-benzaldehyde [5], 

In the case of dinitrophenols the detection limits are 100 pg to 200 ng substance 
chromatogram zone [2, 3], 

The reagent can be used, for example, on silica gel, kieselguhr, Si 50000 and celli 
layers. 


Procedure Tested 

Nitrophenols [3] 

Method Ascending, one-dimensional step development in a trough c 

ber with 5 min drying in cold air betweeen the two develop 
steps (1st development at room temperature without and 2n 
velopment at -20°C with chamber saturation). 

Layer HPTLC plates Silica gel 60 F 254 (Merck); before applicati 

the samples the layers were washed by immersing them for * 
2-propanol, then dried at 110°C for 30 min, before being s 
over silica gel in a desiccator. When the samples were bein 
plied the layer above the application zone was covered with a 
plate to avoid adsorption of moisture from the atmosphei 

Mobile phase 1. Methanol 

2. Ethyl acetate — «-hexane (65 + 35). 

Migration distance I. 0.7 cm 

2. 7 cm 

Running time 1. 40 s 

2. 20 min 

Detection and result: The chromatogram was dried for 5 min in a stream of ci 
and immersed in dipping solution I for 1 s and then heated to 110°C for 10 min 
after cooling to room temperature, it was immersed in dipping solution 11 for 1 
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i infuj u nionae-nyarocnionc Acia-4-(Uimethylammo)-benzaldehyde Reagent 


dried in a stream of cold air for 5 min. Finally the plate was dipped in a solution of 
liquid paraffin — /i-hexane (1 + 2) to stabilize and enhance the fluorescence. 

In daylight the nitrophenols appeared as variously colored chromatogram zones on 
a pale yellow background, under long-wavelength UV light (X = 365 nm) they were ex¬ 
cited to the emission of fluorescence. The associated hi? f values, colors and fluores¬ 
cence colors are listed in the table below: 




Fig. 1: Reflectance (A) and fluorescence scans (B, C) of a chromatogram track with 30 ng each 
of 2,4-dinitrophenol (1) and 2,6-dinitrophenol (2), 60 ng each of 2,5-dinitrophenol (3) and 4-nitro- 
Phenol (4) and 120 ng each of 3-nitrophenol (5) and 2-nitrophenol (6) per chromatogram zone. 
Reflectance measurement at X = 490 nm (A), fluorescence measurements at X^ = 408 nm and 
Xfi > 460 nm (B) and at X CTC = 546 nm and X n > 560 nm (C). 


hn(II) Chloride-Hydrochloric Acia-^-luimeinyiammoj-oenmuienyue iseugem 


HZ? 


In situ quantitation: The absorption photometric scan in reflectance was carried out, 
for example, at a mean wavelength of X = 490 nm (Fig. 1). Here the detection limits lie 
between 100 pg (2,4- and 2,6-dinitrophenol) and 2 ng (2- and 3-nitrophenol). The 
fluorimetric scan, for example, may be carried out at X cxc = 408 nm and the fluores¬ 
cence emission be detected at X n >460 nm (cut off filter FI 46). 
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Tin(IV) Chloride Reagent 



Preparation of the Reagent 

Dipping solution Add 2.5 ml tin(IV) chloride to 40 ml of a mixture of equal vol¬ 
umes chloroform and glacial acetic acid [4], 

Storage The dipping solution may be stored for at least one week. 

Substances Tin(IV) chloride 

Chloroform 
Acetic acid (100%) 


Tin(IV) Chloride Reagent 
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Reaction 

The reaction mechanism has not been elucidated. 


Method 

The chromatograms are freed from mobile phase in a stream of cold air and then im¬ 
mersed in the dipping solution for 2 s or sprayed homogeneously with it and then dried 
for ca. 3 min in a stream of cold air [4]. 

After reaction the flavonoids, that exhibit weak fluorescence even before derivatiza- 
tion, appear on a colorless background as yellow chromatogram zones; they are excited 
to yellow to reddish-yellow fluorescence by long-wavelength UV light (X = 365 nm) [4], 

Note: Many substances do not react until the temperature is raised, e.g. to 160-200°C 
[1). The reagent can also be applied via the vapor phase at 160°C [1). 

The detection limits for flavonoid substances are 5-10 ng substance per chromato¬ 
gram zone [4]. 

The reagent can be employed on silica gel, kieselguhr and on Si 50000 layers. 


Procedure Tested 

Flavonoids [4] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. After sample application the TLC 
plates were preconditioned for 30 min at 100% relative humidity 
and then developed immediately. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Ethyl acetate - water - formic acid (85 + 15 + 10). 
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Tin(lV) Chloride Reagent 


Tin(IV) Chloride Reagent 
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Migration distance 3 cm 
Running time 15 min 

Detection and result: The chromatogram was dried for ca. 3 min in a stream of cold 
air, immersed in the reagent solution for 2 s and then dried for ca. 3 min in a stream 
of cold air. 

The chromatogram zones, that were slightly fluorescent even before derivatization, 
appeared as yellow zones on a colorless background, under long-wavelength light 
(X = 365 nm) they fluoresced, yellow in the case of rutin (hi? f 20-25), red-yellow in the 
case of quercitrin (h/? f 60-65) and quercetin (h/? f 85-90). 

On account of the noisier background the detection limits for fluorimetric determi¬ 
nation were twice as high as those for reflectance determination where they were 5 ng 
substance per chromatogram zone. An additional immersion in liquid paraffin — 
H-hexane (1 + 2) did not lead to an intensification of the fluorescence. 

In situ quantitation: The absorption photometric scan in reflectance was carried out 
at X = 420 nm (Fig. 1A), and the fluorescence scan was carried out at X exc = 436 nm 
and X fl >560 nm (cut off filter FI 56) (Fig. IB). 
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Fig. 1: Reflectance scan (A) and fluorescence scan (B) of a chromatogram track with 200 ng (A) 
and 100 ng (B) each substance per chromatogram zone: 1 = rutin, 2 = quercitrin, 3 = quercetin. 



Titanium(III) Chloride- 
Hydrochloric Acid Reagent 


Method 


Titanium(III) Chloride-Hydrochloric Acid Reagent 
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Reagent for: 

• Ascorbic acid, dehydroascorbic acid [1, 2] 


TiCl 3 

M r = 154.27 


The dried chromatograms (2 min in a stream of cold air) are immersed in the reagent 
solution for 10 s or sprayed homogeneously with it and then heated to 110°C for 
10 min. 

Yellow chromatogram zones are produced on a colorless background. 

Note: The photometric detection limits for ascorbic and dehydroascorbic acids are less 
than 50 ng substance per chromatogram zone. 

The reagent can, for example, be employed on silica gel, kieselguhr and Si 50000 
layers. 


Procedure Tested 


Preparation of the Reagent 

Dipping solution Make 15 ml titanium(III) chloride solution (c = 15% in 10 per¬ 
cent hydrochloric acid) up to 100 ml with ethanol (96%) [2], 

Storage The dipping solution can be stored for longer periods. 

Substances Titanium(III) chloride (15% in 10 percent hydrochloric acid) 

Ethanol (96%) 

Reaction 

The mechanism of the reaction is unknown. 


Ascorbic Acid and Dehydroascorbic Acid [3] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 254 (Merck). 

Mobile phase Ethanol (96%) — acetic acid (10%) (95 + 5). 

Migration distance 5 cm 
Running time 30 min 

Detection and result: The dried chromatogram was immersed in the reagent solution 
for 10 s and then heated to 110°C for 10 min. 

Ascorbic acid (hi? f 50-55) and dehydroascorbic acid (h R f 65-70) appeared as yellow 
chromatogram zones on a colorless background. 

The detection limits for both ascorbic acid and dehydroascorbic acid were ca. 50 ng 
substance per chromatogram zone. 

In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the wavelength X = 400 nm (Fig. 1). 
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Titanium(III) Chloride-Hydrochloric Acid Reagent 


1 



Fig 1: Reflectance scan of a chromatogram track with 2 pg each of ascorbic acid (1) and 
dehydroascorbic acid (2) per chromatogram zone. 
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Uranyl Acetate Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 1 g uranyl acetate in 20 ml water with warming and 
make up to 100 ml with ethanol [3]. 

Dissolve 1 g uranyl acetate in 100 ml water [1, 2]. 

The dipping solution can be stored over a longer period. 

Uranyl acetate dihydrate 
Ethanol 


Spray solution 

Storage 

Substances 
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Uranyl Acetate Reagent 


Uranyl Acetate Reagent 
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Reaction 


Detection is primarily based on the principle of fluorescence quenching by substances 
absorbing UV light. It is also possible to detect certain substances whose absorption 
wavelengths interfere with the uranyl cation [1]. 


Method 


The chromatogram is freed from mobile phase, immersed in the dipping solution for 
3 s or homogeneously sprayed with the spray solution and then heated to 100-120 °C 
for 10-30 min [1]. 

When examined under UV light (X = 254 or 365 nm) dark chromatogram zones are 
observed on a yellow-green fluorescent background. 

Note: Uranyl nitrate can be used instead of uranyl acetate [1], The detection limits for 
purines are 10 ng substance per chromatogram zone. 

The reagent can, for example, be used on silica gel, kieselguhr and Si 50000 layers; 
cellulose [1] and RP layers are unsuitable. 


Procedure Tested 


Sterols, Fatty Acids, Triglycerides [3] 

Method Ascending, one-dimensional development in a trough chamber 

with chamber saturation. 

Layer HPTLC plates Silica gel 60 F 2 5 4 (Merck). Before application of 

the samples the layers were washed by immersing them for 1 h in 
methanol, then dried at 110°C for 30 min. 

Mobile phase n-Hexane - diethyl ether — glacial acetic acid (80 + 20 + 1). 


Migration distance 5 cm 
Running time 7 min 

Detection and result: The chromatogram was heated to 120°C for 60 min and the 
cooled to room temperature, dipped in the reagent solution for 3 s and then dried i 
120°C for 30 min. Cholesterol (h/? f 10-15), stearic acid (h/? f 20-25) and tripalmiti 
(hi? f 45-50) were visible under long-wavelength UV light (X = 365 nm) as dark chr< 
matographic zones on a yellow fluorescent background. The visual detection limi 
were 100 ng substance per chromatogram zone for cholesterol and tripalmitin an 
500 ng substance per chromatogram zone for stearic acid. 

In situ quantitation: The fluorimetric analysis was carried out at X exc = 313 nm and 
Xfl > 560 nm (cut off filter FI 56). The chromatogram zones gave a negative signal (tl 
fluorescent background was set at 100% emission). 



Fig. 1: Fluorescence scan of a chromatogram track with 400 ng cholesterol (1), 200 mg stearic ai 
(2) and 400 ng tripalmitin (3) per chromatogram zone. 
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Vanillin Reagents 


The “aldehyde acid” reactions have already been described generally in Chapter 2. 
There it was pointed out that a nucleophilic attack at a carbonyl group is particularly 
easy when this is attached to an aromatic ring that bears an “electron withdrawing” 
group at position 4. The reactivity of the carbonyl group is greatly increased in acid 
medium: 



H H 


Classical examples of this type of reaction are the various dimethylaminobenz- 
aldehyde reagents (q.v) and vanillin-acid reagents, of which one, the vanillin- 
phosphoric acid reagent, is already included in Volume 1 a. The aldol condensation of 
estrogens is an example for the reaction mechanism (cf. Chapter 2, Table 6 ). According 
to Malowan indole derivatives react in a similar manner [1], Longo has postulated that 
catechins yield intensely colored triphenylmethane dyes [ 2 ]. 

In order to be able to recognize the influences exerted by the various mineral acids 
used in vanillin reagents the three reagent variants listed below were prepared: 

Reagent 1: A solution of 1 g vanillin in 70 ml ethanol (96%) was treated cautiously 
with 10 ml cone, sulfuric acid. 

Reagent 2: A solution of 1 g vanillin in 70 ml ethanol (96%) was treated with 10 ml 
ort/io-phosphoric acid (85%). 

Reagent 3: A solution of 1 g vanillin in 70 ml ethanol (96%) was treated cautiously 
with 10 ml fuming hydrochloric acid (37 %). 

Their reaction was tested on the individual components of the test mixture indole, 
ergotamine tartrate, ergotaminine and ergobasine [ergometrine) [3]. The results ob¬ 
tained were as follows: 

• In the case of reagents 1 and 3 the indole zone could be recognized even before 
heating, while the ergot alkaloids only became visible on heating to 70 °C. 


• In the case of reagent 2 the zones for indole and the three ergot alkaloids only ap 
peared as strawberry red, or violet zones on a pale background when the plate wa 
heated to 70 °C. 

• The coloration of the chromatogram zones was the same for all three variants c 
the reagents and did not depend on the nature of the mineral acid used. 

• In the case of reagent 1 the background turned yellow transiently on heating an 
then returned to a white color on cooling. 

• The detection limits obtained are tabulated below: 


Substance 


Detection limits in ng per chromatogram zone 
H 2 S0 4 H 3 PO 4 HC1 


Indole 

7 

6 

8 

Ergotamine tartrate 

25 

25 

22 

Ergotaminine 

8 

14 

20 

Ergobasine 

8 

6 

20 


Evidently the reaction of the indoles investigated with fuming hydrochloric acid 
less sensitive as is the case for the two other vanillin reagents. 

Aromatic aldehydes react in basic as well acidic medium. Thus vanillin and prima 
amines yield Schiff’s bases (cf. vanillin-potassium hydroxide reagent in Volume Is 
Colored phenolates are formed at the same time. As would be expected seconda 
amines, indole derivatives and lysergic acid derivatives do not react. 
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Vanillin-Hydrochloric Acid Reagent 



Preparation of the Reagent 

Dipping solution Dissolve 1 g vanillin in 70 ml ethanol (96%) and cautiously add 
10 ml fuming hydrochloric acid (37%). 

Spray solution Dissolve 1 to 5 g vanillin in 100 ml hydrochloric acid (37%) [1, 
7, 12, 13] or 50 percent methanolic hydrochloric acid [2]. 

Storage The reagents are stable for longer periods. 

Substauces Vanillin 

Hydrochloric acid, fuming (37%) 

Ethanol (96%) 

Methanol 
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Reaction 


In the presence of strong acids catechins react with aromatic aldehydes to yield 
triphenylmethane dyes [14]; according to Malowan [ 15 ] indole derivatives form the 
following condensation product: 

OCH 3 OCH, 

0^ + Jc-(3~ OH O^CH-{^OH 

Indole Vanillin Condensation product 


Method 

The chromatograms are dried in a stream of cold air, immersed in the dipping solutior 
for 1 s or homogeneously sprayed with the spray solution. They are then dried in ; 
stream of cold air. 

Alkaloids produce variously colored chromatogram zones (yellow, pink, brown, pur 
pie) on a light background [2]. Indole and the catechins appear red [4, 5, 8, 9, 12, 16] 
If the catechins are acetylated it is necessary to heat to 105 °C for 5 min after treatmen 
with the reagent [8]. Lysergic acid derivatives should also be heated to 75 °C for 5 min 

Note: The reagent can also be applied by first treating the chromatogram with ai 
unacidified solution of vanillin and then exposing it to hydrochloric acid vapor [3, 9] 
Catechin derivatives should be evaluated rapidly (within 10 min), since the red colora 
tion is not stable in daylight and fades relatively quickly [5, 9]. 

The detection limits in substance per chromatogram zone are 500 ng for alkaloid 
[2], for indole or ergot alkaloids they are as low as 10 to 25 ng per spot [16]. 

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000, NH ; 
Diol, CN, RP, cellulose and polyamide layers. 




Procedure Tested 


Indole Derivatives [16] 

Method Ascending, one-dimensional, 2-fold development in a trough 

chamber with 5 min intermediate drying in a stream of cold air. 
The first development was carried out in an unsaturated normal 
chamber, the second with chamber saturation. Direct light was ex¬ 
cluded. 

Layer HPTLC plates Silica gel 60 F 254 (Merck), which were prewashed 

by immersion overnight in 2-propanol and then dried at 110°C 
for 20 min before application of the samples. 

Mobile phase 1. Dichloromethane — ethanol (99.5%) (50+50). 

2. Dichloromethane — n-hexane — ethanol (99.5%) (9+2 + 1). 

Migration distance 1. 1 cm 

2. 4 cm 

Running time 1. 2 min 

2. 5 min 

Detection and result: After the second development the chromatogram was immersed 
in the dipping solution for 1 s and then heated to 70 °C for 5 min (hot plate). 

Ergobasine (= ergometrine, “h/? f ” 20-25)*), ergotamine D-tartrate (“h/? f ” 35-40) 
and ergotaminine (“hjR f ” 60-65) produced violet chromatogram zones on a colorless 
background. Indole (“h/? f ” 75-80) acquired a strawberry red color even in the cold. 
The detection limits in substance per chromatogram zone were 8-10 ng (indole) and 20 
to 25 ng (ergot alkaloids). 

In situ quantitation: The absorption photometric evaluation in reflectance was carried 
out at the wavelength Z raax = 510 nm for indole and X max = 580 nm for the ergot 
alkaloids (Fig. 1). 


) The figures given were calculated as h/? f values even though two developments were involved. 


U 



A B C 

Fig 1: Chromatogram of ergot alkaloids and indole (A) and reflectance scans of chromatogram 
track G with ca. 80 ng each substance per chromatogram zone measured at X mu(iIII | 0lC! j = 510 nm 
(B) and at X = 580 nm (C): 1 = ergobasine, 2 = ergotamine, 3 = ergotaminine, 4 = indole. 
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Vanillin-Sulfuric Acid Reagent 


Reagent for: 


• Steroids [1-4] 
e.g. anabolics [5] 

such as boldenone, testosterone, estradiol 

• Bile acid methyl esters [ 6 ] 

• Essential oil components (4, 7-10) 

e.g. terpene hydrocarbons (3, 11), farnesol (12) 

• Sesquiterpene derivatives [3, 13] 

e.g. parthenin, hymenin, xanthinine, xanthumine [14] 

• Iridoids [15] 

• Carotinoids [3] 

• Polyacetylenes (polyolefins) [3] 

• Phenols [3, 4] 

e.g. 3-methoxy-4-hydroxyacetophenone [16], holocalin [17] 
e.g. antioxidants [18] 

gallate esters, 2 , 6 -di-/er/-butylphenol 

• Catechins, tannins [1] 

• Valepotriates [1] 

• Flavonoids [3] 

• Cardenolides (cardiac glycosides) [1, 19] 

• Ginsenosides [20] 

• Higher alcohols [4] 

• Fatty acids [3] 

• Antibiotics 

e.g. lincomycin [ 21 ], primycin [ 22 ] 

monensin, narasin, salinomycin, lasalocid [23] 

• UV absorbers [24] 

e.g. eusolex, cyasorb, prosolal, parsol, witisol 


h 2 so 4 

M r = 98.08 


CsHgOj 
M r = 152.15 
Vanillin 
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Preparation of the Reagent 

Dipping solution Dissolve 250 mg vanillin in a mixture of 50 ml 1-propanol and 
50 ml carbon tetrachloride and cautiously add 2.5 ml cone, 
sulfuric acid portionwise with stirring and cooling to — 15°C 
[ 22 ], 

Spray solution Dissolve 0.5 g vanillin in a mixture of 85 ml methanol, 10 ml 
acetic acid and 5 ml cone, sulfuric acid that has been prepared 
under cooling (ice bath) [ 10 ]. 

The literature also contains other compositions, e. g. solutions of 
0.5 to 5 g vanillin in 1 to 20% ethanolic [3, 7, 14, 15, 20) or 
methanolic [18, 21, 23] sulfuric acid, occasionally also in 80 per¬ 
cent ethanolic [4, 6 , 25] or undiluted cone, sulfuric acid [4, 5, 11, 
12], where the addition of 3 drops acetic acid is recommended in 
some cases [3, 14], 

Storage The spray solutions should always be made up fresh [3]. The col¬ 

orless dipping solution can be stored in the deep freeze for 2 
weeks [ 22 ]. 

Substances Vanillin 

Sulfuric acid (95-97%) 

Acetic acid (100%) 

Methanol 

Carbon tetrachloride 
1-Propanol 


Reaction 

The general aspects of the “aldehyde-acid” reaction were discussed in Chapter 2. Thu: 
it is readily understood that catechins, for example, can react with aromatic aldehyde: 
in the presence of strong acids to yield colored triphenylmethane dyes [26]. 
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The chromatograms are dried in a stream of cold air, immersed twice for 1 s (with in¬ 
termediate drying in a stream of cold air) in the dipping solution [22] or sprayed once 
homogeneously with the spray solution and then slowly heated, e. g. on a hot plate, to 
70°C for ca. 10 min [3] or heated to 100-120°C for 2-15 min [4, 12, 15, 18, 22, 25]. 

Differently colored chromatogram zones (yellow to dark violet) appear, some before 
heating, on a light background; the colors alter over a period of 24 h, exceptionally 
over 48 h (polyolefins) [3]. Monoterpenes steroids and carotinoids yield bright yellow 
to violet zones [3, 25], fatty acids yield gray colors [3], flavonoids [3], methyl esters of 
bile acids [6] and lincomycin [21] are colored yellow. The chromatogram zones of 
farnesol are reddish [12] and primycin gray-violet on a pink-colored background [22], 
Cardenolide aglycones, that are not oxidized at the C-14 atom of the steroid skeleton, 
form blue-colored spots [1]. 

Note: The chromatogram zones exhibit a broad spectrum of colors [3, 12] that is very 
dependent on the duration and temperature of heating. Therefore the optimum reaction 
conditions must be determined empirically. With a few exceptions (ferulic, 4-amino- 
benzoic and cumarinic acids) aromatic carboxylic acids do not react [3], The reagent 
in 80% ethanolic sulfuric acid is reported to be most sensitive for steroids [25], 

The detection limits in substance per chromatogram zone are 50-100 ng for ses¬ 
quiterpene lactones [3] and 100 ng for lincomycin [21] and primycin [22]. 

It is possible to replace the vanillin in the reagent by 4-dimethylaminobenzaldehyde, 
4-hydroxybenzaldehyde, salicylaldehyde, m-anisaldehyde, cinnamaldehyde, 4-hydroxy- 
benzoic acid or vanillic acid [3]. However, the range of colors obtained is not so broad. 

The reagent can, for example, be employed on silica gel, kieselguhr, Si 50000 and RP 
layers. 


Essential Oil Components [10] 

Method Ascending, one-dimensional development in a trough cham 

with chamber saturation. 

Layer TLC plates Silica gel 60 F 2J4 (Merck), that had been prewasl 

before application of the samples by developing once to the up 
edge with chloroform - methanol (50+50) and then drying 
110°C for 30 min. 

Mobile phase Toluene — ethyl acetate (93 + 7). 

Migration distance 13 cm 
Running time 30 min 

Detection and result: The chromatogram was dried in air (!) and then evaluated ur 
short-wavelength (X = 254 nm, Fig. 1A) and under long-wavelength (X = 365 nm, 
IB) UV light and documented photographically [27], It was then sprayed homogi 
ously with the reagent solution and observed as it was heated to 120 °C on a hot pi 
Chromatogram zones of various colors (Fig. 1C, see Table 1 for substance assignm 
are produced whose color shades and intensities alter with increasing duration 
temperature of heating. Hence the optimum duration and temperature of heating n 
be determined empirically. 
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Table 1: Essential oil components with h R f value, color and detection limits. 


Substance 

Color on det. 

h/? f value 

Detection limit 

Anethole 

brown 

55-60 

500 ng 

Bergamot oil (2 major zones) 

reddish brown 

20-25 



reddish brown 

45-50 


Bornyl isovaleriate 

dark blue 

75-80 


Cineole 

dark brown 

30-35 


Hydroxycitronellal 

dark brown 

5-10 


Isobornyl acetate 

brownish gray 

55-60 


lsomenthone 

yellowish green 

35-40 


Lavender oil (3 major zones) 

bluish gray 

20-25 



dark blue 

45-50 



pink 

65-70 


Menthol 

dark blue 

15-20 

100 ng 

Menthone 

yellowish green 

45-50 


Menthyl acetate 

green 

45-50 

200 ng 

Patchouli oil (2 main zones) 

violet 

30-35 



violet 

70-75 


Pulegone 

dark brown 

30-35 

500 ng 

Rose oil 

brownish gray 

10-15 


Rose oxide 

brownish gray 

35-40 


Sandalwood oil (2 major zones) 

grayish blue 

20-25 



grayish blue 

70-75 


Thymol 

strawberry red 

40-45 

200 ng 


Note: In order to document the color changes photometrically during the heating pro¬ 
cess the hot-plate was placed on the document table of a reproduction camera placed 
in the fume cupboard (!). The camera was focused when the plate was cold and the 
heating process was commenced. When the first colored chromatogram zones appeared 
they were photographed and photographs were then taken at regular intervals, e. g. every 
10 s, until the colors on the chromatogram ceased to change. 

in situ quantitation The fact that the colors of the chromatogram zones changed means 

that quantitative in situ evaluation is only meaningful in rare cases. 

1 

Fig 1: Chromatograms of various essential oils photographed (A) under short-wavelength 
(X. = 254 nm) and (B) long-wavelength (X = 365 nm) UV light before treatment with the reagent 
and (C) in daylight after detection with the vanillin — sulfuric acid reagent. 
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Vanillin-Sulfuric Acid Reagent 
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Named Reagents and 
Reagent Acronyms 


Named Reagents 


Awe’s Reagent 

lb 301-306 

Barton’s Reagent 

lb 312-316 

Benedict’s Reagent 

lb 214-218 

Besthorn’s Reagent 

la 347-350 

Bratton-Marshall Reagent 

la 223-227 

Carr-Price Reagent 

la 206-209 

Duggan Reagent 

lb 411-414 

Ehrlich’s Reagent 

lb 236, 243-251 

Emerson Reagent 

la 151-153 

Folin’s Reagent 

lb 321-326 

Forrest Reagent 

lb 352-357 

Gibbs’ Reagent 

la 252-255 

Jensen’s Reagent 

lb 183-187 

Kedde’s Reagent 

lb 263-267 

Liebermann-Burchard Reagent 

lb 175 

Mandelin’s Reagent 

la 426-429 

Marquis’ Reagent 

la 299-302 

Michler’s Thioketone Reagent 

lb 154-157 

Morgan-Elson Reagent 

lb 232-235 

Neu’s Flavone Reagent 

la 277-280 

Pauly’s Reagent 

lb 201, 401-406 

Reindel-Hoppe Reagent 

lb 204-209 

Salkowski Reagent 

la 314-317; lb 237 

Tillmanns’ Reagent 

la 256-259 

Van Urk’s Reagent 

lb 236, 252-258 

Van Urk-Salkowski Reagent 

lb 237 

Wurster’s Blue Reagent 

lb 415-420 

Wurster’s Red Reagent 

lb 227-231, 417-419 
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Named Reagents and Reagent Acronyms 


Reagent Acronyms 

ANS Reagent 
DBA Reagent 
DOOB Reagent 
EP Reagent 
FCPA Reagent 
INH Reagent 
MBTH Reagent 
MDPF Reagent 
NBD-Chloride Reagent 
NBP Reagent 
N.N-DPDD Reagent 
Iodine-Azide Reagent 
OPA (OPT) Reagent 
Purpald Reagent 
TCNE Reagent 
TDM Reagent 
TNBS Reagent 
TPDD Reagent 


la 191-194 
la 281-283 
la 284-287 
lb 239-242 
la 314-317 
la 318-321 
la 347-350 
la 344-346 
la 238-241 
la 359-363 
lb 228, 417 
lb 301-306 
la 380-384; lb 348 
lb 46 
la 416-419 
lb 199-203 
la 423-425 
lb 415-420 


Index 


A 

ABP=2-amino-5-bromophenyl(pyridin-2-yl) 
methanone la 226,227 
Absorption lb 16 
Absorption coefficient, molar decadic 
la 36,40 

Absorbance measurement la 9,17, 31 
Absorption scans la 17, 31,32 
Absorption spectra, recording la 30,31 
Acaricide, 2-vec-butyl A,6-din itrophenyl 
lb 387 

ACB=2-amino-5-chlorobenzophenone 
la 227 

Acebutolol lb 22,268,354 
Acesulfame la 390 
Acetanilide la 65 
Acetazolamide lb 188 
Acetone, dipole moment la 97 
Acetophenone la 72, 87 
3-P-Acetoxyglycyrrhetic acid chloride 
la 65 

Acetylacetonates lb 327 
Acetylation, in situ la 68 
Acetylbromodiethylacetylurea la 65 
Acetylcholine lb 365 
Acetyldigitoxin lb 183 
Acetyldigoxin la 303 
-, a-,|3- lb 183 

Acetylene derivatives la 359, 361, 362; 

Jb 46 

Acetylgitoxin lb 183 
Acetylmorphine lb 280 
6-Acetylmorphine lb 358 
Acetylsalicylic acid la 308 
ACFB=2-amino-5-chloro-2’-fluorobenzo- 
phenone la 227 
Acgonin lb 32 


Acids, organic la 44, 45, 70, 91, 170-178 
229,231,232,248-250,256-258,307, 
308,426; lb 48 
Aconitic acid la 249 
Acridine lb 145 

-, pH-dependent fluorescence la 91 
Acridine derivatives lb 144 
Acridine orange lb 143, 145 
-, pH-dependent fluorescence 91 
Activation, electrochemical lb 41 
photochemical lb 13 
-, thermochemical lb 27 
Activation of the layer la 124ff 
N-Acylglycine conjugates la 176 
Acylon lb 301 
Adamexin lb 103,104,105 
ADB=2-amino-2’,5-dichlorobenzophenone 
la 227 

ADC, multiple development lb 2 
ADC chamber lb 14,15 
Addictive drugs la 76; lb 58,243,252 
Adenine lb 74 

Adipic acid la 175,233,249,250, 308 
Adrenaline la 392 ff 
Adrenochrome lb 365 
Aflatoxin Bi, B 2 la 103 
Aflatoxins la 69,103, 411 
Agarofuran la 376 
AGFA-Copyrapid, CpN paper la 135 
-, CpP paper la 135 
Aglycones lb 263, 307, 365,448 
Agroclavine lb 243, 252 
Ajmalicin lb 243 
Ajmaline lb 32,358 
Alachlor lb 417 

Alanine la 246,267,268,296,297; 
lb 132,268 
dipole moment la 97 
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Albumins la 74 

Alcohols la 70,77,106; lb 46,446 
Alcohols as 3,5-dinitrobenzoates la 44 
-, monounsaturated la 89 
-, primary la 57,68,70, 106; lb 61 
-, saturated la 89 

-, secondary la 57, 68, 70, 106; lb 61 
-, tertiary la 57,68, 106; lb 61 
Alcohol ethoxylates lb 282 
Aldehydes la 72,273; lb 46,51-54 
-, aliphatic la 76,157 
-, aromatic la 76 
-, differentiation lb 46 
-, phenolic la 72 
-, a-, (3-unsaturated la 106 
Aldehyde acid reaction lb 440 
Aldicarb lb 332,417 
Aldohexoses la 158,180,181,185 
Aldol addition lb 53 
Aldolase lb 401 
Aldol condensation lb 53 
Aldopentoses la 158 
Aldoses la 158,176,177,180,181,185, 
203,273,274,428; lb 224 
Aldosterone la 321; lb 343 
Aldrin la 76; lb 83,227 
Alimemazine lb 352, 354-356 
Aliphatic hydrocarbons lb 42,43 
Alizarin la 143; lb 365 
Alkaline earth cations la 312 
Alkaloids la 7,45, 60, 88, 166, 167,206, 
234,238,240,262, 263,273,299, 301, 
303, 314,351, 380, 381,411, 420; 
lb 18,32,48,137,188-191,290,292, 
296,358,360,376, 383,442,443 
-, Antirrhinum lb 358 
-, cactus lb 229 
-, Chinchona legeriana lb 358 
-, clavine lb 243 
-, Colchicum la 420 
-, Cholchicum autumnale lb 378 
-, Corydalis lutea lb 358 
-, curare lb 312 
-, dihydroergot lb 350 


-, ergot la 380, 381; lb 236,243, 245, 
246,248, 252, 253,255,307, 321, 323. 
348, 349, 440, 441,443^145 
-, harpagophytum lb 243 
-, Hydrastis canadensis lb 353 
-, hydrogenated ergot lb 348 
-, 1-hydroxaacridone lb 308 
-, 1-hydroxyacridone lb 307 
-, indole la 66,314; lb 279 
-, Ipecacuanha lb 292 
-, isoquinoline la 46, 66, 262 
-, morphine la 299, 301,351, 352 
-, - hyrogenated lb 348, 349 
-, opium lb 192,277,280, 283, 362, 
363,323 

-, oxidation la 50 
-, pyridine lb 279 
-, pyrrol lb 279 
-, pyrrolizidine lb 191 
-, quinine la 88,314; lb 280,324 
-, quinoline lb 279 
-, reduction la 60 
-, steroid la 206 
-, Thalictrum polygamum lb 358 
-, Tropane lb 34,252, 255 
-, Veratrum la 420 
-, Yohimbine lb 243 
C 22 Alkane lb 42,43 
Alkanolamines la 284 
Alkenylacylethanolamine phosphatides, 
acid hydrolysis la 62 
Alkenylacylglyceryl acetate la 70 
Alkenediacylethanolamine phosphatides, 
acid hydrolysis la 62 
Alkylacylglyceryl acetate la 70 
Alkylamines la 284 
Alkylating agents la 359ff 
Alkylglycosides la 426 
Alkyl hydroperoxides lb 49, 227 
Alkyl hydroperoxide esters lb 227 
Alkylphosphine sulfides lb 301 
Alkylresorcinol derivatives la 288 
Allobarbital la 338 
Almond oil lb 286 


Aloe emodin lb 365 
Alprenolol la 299,429; lb 22,268,348 
Anti-ageing additives lb 332 
Aluminium chloride la 147 
Aluminium cation la 144, 311 
Aluminium oxide la 89 
Amanita toxins lb 343, 344 
Amanitin lb 401 
AMD, multiple development lb 2 
AMD system la 132; lb 14 
AMD technique lb 4 
Amethocaine lb 268 
Ametryn lb 194,207,208,230,231,413, 
414 

Amfetaminile lb 354 
Amides lb 74,125,199,210 
4-Amidinophenylpyruvic acid lb 290 
Amido groups lb 194 
Amiloride la 104 
tert- Amines lb 122 
Amines la 58,75,76,91, 1 06,223,239, 
252,260,265, 284, 294,296,344, 354, 
434; lb 74,210,220,243 
-, acylated aromatic lb 270 
-, aliphatic lb 118, 321, 322 
-, aliphatic tertiary lb 189 
-, aromatic la 66, 151,252, 284, 294, 

416, 426, 428; 1 b 48, 106, 180, 188- 
191,269, 312, 379, 380,321-324, 332, 
383, 384, 395, 403, 415-417, 419 
-, biogenic la 70, 88, 284, 356; lb 220 
-, capable of coupling la 288; 1 b 401 
-, oxidized aromatic lb 92, 93 

primary la 76,106,223-225,238,239, 
252,260,265,266,269,284,294-296, 
344, 380, 381,423,434,435; lb 47, 48, 
75,117,118,124.125,219,322 360, 
441 

-, primary aliphatic la 238, 239, 252, 
260, 284, 296; lb 47, 268-270 
primary aromatic la 223-225, 252, 
260; lb 47,48, 50,94, 243, 246, 252, 
268, 393, 394, 340 
quaternary lb 290, 360 


-, secondary la 225, 238, 239, 252, 260, 
266,294,295,344; lb 48, 75, 117,118, 
124, 125,189,199,219,441 
-, secondary aliphatic la 238, 239,252, 
260; lb 268-270 

-, secondary aromatic la 252, 260; 
lb 49, 268,270 

-, tertiary lb 48, 220, 290, 360 
-, tertiary aliphatic lb 270 
-, tertiary aromatic la 252, 260; lb 268 
Amination of sugars la 56 
Aminitin toxins lb 401 
Amino acid 2-anilino-5-thiazolinone deriva 
tives la 75 

Amino acids la 45,58,61,75,76, 87,88, 
90,107,232,234,238,240, 245,246, 
265,267,294,354, 380-382,423,434, 
435; lb 32,47,70,74,83,130-132, 158 
199,201,204,219, 321-323,430 
-, aromatic la 381 
-, carbobenz.oxy lb 204 
-, hydroxy lb 133 
-, reduction la 61 
-, sulfur-containing lb 84, 301,358 
-, Z-protected lb 158 
4-Aminoantipyrine la 151 
4-Aminoazobenzene derivatives la 303,3t> 
2-Aminobenzimidazole (2-AB) lb 194 
2-Aminobenzoic acid la 175 

4- Aminobenzoic acid la 171,175; lb 441 
Aminobenzophenones la 223, 225 
2-Amino-5-bromopheny](pyridin-2-yl)- 

methanone (=ABP) la 226, 227 
Aminocarb lb 29, 332 
2-Amino-5-chlorobenzophenone (=ACB) 
la 226,227 

2-Amino-5-chloro-2 ’ -fluorobenzophenone 
(=ACFB) la 226,227 
2-Amino-4-chlorophenol lb 415,420 

5- Aminodibenzocycloheptane derivatives 

la 45,231 

2-Amino-2’,5-dichlorobenzophenone 
(=ADB) la 226,227 
2-Aminodiphenyl la 157. 158 
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Aminoglycoside antibiotics la 107,270, 
284,354,380,423,434 
Amino groups lb 194 
4-Aminohexoses, N-acetyl derivatives 
lb 233 

4-Aminohippuric acid la 160,163 
Aminonaphthols lb 379 
2-Amino-5-nitrobenzophenone (=ANB) 
la 226,227 

4-Amino-3-nitrotoluene lb 415,419 
Amino phases la 3 
Aminophenazone lb 312, 314, 354 
2-Aminophenol lb 309, 310, 381 
4-Aminophenol lb 309, 310, 381 
Aminophenols lb 309,381,383,401 
9-(p-Aminophenoxy)acridine lb 145 
1 -Aminopyrene la 61 
4-Amino salicylic acid lb 309, 310 
Amino sugars lb 47, 232-235, 354 
Aminotrimethylenephosphonic acid 
la 172 

Aminotriptyline lb 100-102 
Amitrol lb 418 
Ammonia la 86, 87, 166 
-, dipole moment la 97 
Ammonium cations la 144 
Ammonium compounds, quaternary 
lb 48,292,358 
-, quaternary salts lb 48 
Ammonium hydrogen carbonate, “vapor” 
la 86 

Ammonium salts, quaternary 1 b 48 
Ammonium sulfate la 89 

i n ' ■ '-i - w—■- i-taa 

Ammonium vanadate, mono- la 89,426 
Amoxycillin lb 188, 358 
Amphetamines la 45,260,299; 
lb 268,283 

Amphetamine sulfate lb 43,188 
Ampicillin la 173, 174; lb 84,296, 301, 
358 

Ampicillin oligomers lb 301 
Amygdalin la 179; lb 120, 121 
Amylenes as stabilizers of solvents la 120 


Amyl nitrite reagent lb 115 
Amy lose la 173 
a-Amyrin la 44,63,69 
P-Amyrin la 69 

a-Amyrin benzoate, alkaline hydrolysis 
la 63 

Anabasine lb 188 

Anabolics la 303,411,430,432; lb 446 
Anacardol la 288 
Analgesics lb 312 
ANB=2-amino-5-nitrobenzophenone 
la 226,227 

Androgens la 195,318,411 
A 4 -Androstendione-(3,17) la 32, 89 
4-Androsten-3,17-dione lb 274 
Androst-5-en-17-on-3P-ol, oxidation 
la 59 

Androsterone lb 32,78,343 
Anethole lb 451 
Angiotensin peptides lb 401 
Angustifoline lb 32 
Anilazine lb 196, 197,202,208,212, 
213,230,231 

Anilide herbicides la 223,225 
Aniline la 152, 176, 179, 185, 188, 253, 
261; lb 188,268,322,324, 325,419 
Aniline derivatives lb 94,247,401,415, 
417 

Anilines lb 312 

-, substituted la 284; lb 314, 393, 395 
8-Anilinonaphthalene- 1-sulfonic acid am¬ 
monium salt la44,88, 191 
Aniline phthalate reagent la 78, 188 

monovalent inorganic id izs 
-, organic la 44, 388, 389; lb 307 
Anisaldehyde reagent la 78, 195 
Anisidine lb 188 
w-Anisidine la 67 
o- Anisidine la 67 
p- Anisidine la 67, 199 
Annul uloline lb 18, 19 
ANS reagent la 44, 88, 191 
Antazoline lb 354 


Anthanthrene la 39 
Anthocyanins, oxidation la 59 
Anthocyanidines la 277 
Anthracene lb 16 
Anthracene derivatives la 166,167 
Anthraquinone la 359; lb 16 
Anthraquinone derivatives lb 180,367 
Anthraquinone glycosides lb 365 
Anthrone 1 a 78,202 
Antibiotics la 7,107,109, 148,166,195, 
270,284,354,380,411,423,434; lb 
188,282,296-297,304,358, 360, 387, 
446 

-, aminoglycoside la 107, 270, 284, 

354, 380,423,434 

-, bioautographic determination la 109 
carbapenem lb 244 
-, heptaene la 195 
-, macrolide la 195 
-, tetracycline lb 273 
Antibiotics with thiazolidine ring lb 84 
Antidepressives lb 100,352 
Antidiabetics lb 188 
Antiepileptics la 252,254, 303, 304, 364 
Antihistamines la 260; lb 352 
Antihypertensives la 426; lb 135 
Antimicrobially active substances lb 227 
Antimony(III) chloride reagent la 206,207 
Antimony(V) chloride reagent la 210 
Antimony cations la 144 
Antimycotics, imidazole lb 98 
Antineoplastic agents lb 365 
Antioxidants la 45,75,108,195, 210, 
^JU^5^£^6(^76^7r42M28; 

1U t)W, 

Antipyrin lb 283 

Antithyroid pharmaceuticals la 248,249 
"Antitussives lb 103 
Apomorphine lb 64 
Application as bands la 57 
Application errors la 131 
Application scheme la 131,132 
Application solvents la 131 
Arabinose la 161,162,200,201; lb423 


Arabinosylcytosine lb 387 
Arachidic acid la 230,402,405 
Arbutin la 179,325,327,328 
methyl la 327 

Arene-cyclopentadienyl-iron complex 
lb 282 

Arginine lb 132 
Arlacel A lb 282 
Arnold’s reagent lb 123 
Aromatics lb 58, 100, 101,103, 104, 327, 
437 

Aromatic compounds lb 338 
Arsenic cations la 144 
Artemisiifolin lb 290 
Articaine lb 354 
Artisil blue 2RP la 129 
Aryl amines la 66,151,294; lb 322, 327 
-, primary lb 349 
2-Arylazo-2-nitroethane derivatives 
lb 365 

Arylazopyrimidylpyrazoles lb 327,329 
Arylazothiazoles lb 327, 329 
N-Aiyl-N’-benzenesulfonyl thiocarbamides 
la 248,249 

N-Aryl-N’,N’-dialkylurea herbicides 
la 43 

Arylglucosides la 185,186 
Aryloxybutanolamine derivatives 1 a 45 
Arylpropionic acids lb 143,223,224 
N-Arylthiosemicarbazides la 248 
Ascorbic acid la 216,256,257, 372-374, 
376,377,426; lb 47,50,167-169,383, 
434-436 

-, metabolites la 45 

Asparagine lb 132 
Aspartic acid lb 132 
Aspartic acid derivatives lb 204 
Asperulae herba lb 369 
Asulam lb 244 

Atenolol la 429; lb 22,268, 354 
Atraton lb 196, 197 
Atrazin lb 68,69,194,199, 202, 208, 
230,231,418 
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Atropa belladonna extract lb 256 
Atropine lb 252, 255, 256,354,358, 323 
Auxins lb 243 
Avocado oil lb 286 
Awe’s reagent lb 301 
Axerophthol lb 280 
Azinphos-ethyl lb 116,304, 305, 340, 
341,418 

Azinphos-methyl lb 32,116, 338, 340, 
341 

Aziprotryn lb 207, 208, 413,414 
Aziridine derivatives la 359; lb 282 
Azodyes la 66,67,68 
Azo coupling lb 94ff 
Azomethynes la 66 
Azo compounds lb 19 
Azulenes la 66; lb 239,240,279 

B 

Bamipin lb 354 
Barbital lb 283 
Barbiturates lb 204 
-, bromine-containing lb 372 
Barbituric acid derivatives la 44,45,66, 
252,254,260,337-343; lb 119,280 
Bariumcation la 144, 145, 311, 312 
Barton’s reagent lb 312 
Basic orange 14 lb 143 
Bay b 5097 lb 99 
Baygon lb 83 
Baymsil lb 365, 387 
Behnic acid la 73 
Benctonium chloride lb 358 
Benedict’s reagent lb 214-218 
Benomyl lb 194 
Benperidole lb 354 
Benproperin lb 354 
Bentazon lb 418 
Benzatropin lb 354 
Benzidine treatment la 90 
Benzimidazole lb 124, 125 
Benzocain, acid hydrolysis la 63 


Benzodiazepine derivatives la 225, 
265-267,310; lb94,113-116,188, 191, 
283,290, 358, 360 

Benzodiazepin-2-one derivatives la 420 
Benzodiazepine hydrolysis products la 
225 

Benzoic acid la 45, 71, 75, 175, 178,230, 
308 

Benzo(b)fluoranthrene la 39, 85 
Benzo(k)fluoranthrene la 39, 86 
Benzo(ghi)perylene la 39,85 
Benzophenone derivatives lb 282 
Benzo(a)pyrene la 39, 85,103 
p-Benzoquinone derivatives la 72 
Benzothiazoles lb 237 
Benzoyl chloride la 70 
Benzoylecgonine lb 32, 34, 35 
3,4-Benzpyrene la 60 
Benzthiazide lb 188 
Benztriazole, 2-(2-hydroxy-5-methyl-phe- 
nyl)- la 282 

-, 2-(2-hydroxy-3-(l-methylpropyl)-5-fm- 
butylphenyl)- la 283 
Benztriazole derivatives, 2-(hydroxy-phenyl)- 
la281ff 

Benzylpenicillin sulfoxide lb 358 
Berberine la44,213; lb 188,358 
Bergamot oil lb 451 
Beryllium cations la 144, 145,311,312 
Besthorn's reagent la 347 
Beta-blockers la 74, 299, 301, 426-428; 

lb 21,22,268, 270, 348-350 
Beta-fronts la 126 
Beta-radiation la 12 
Betulinic acid, oxidation la 59 
BHC lb 83 
Bicuculline lb 358 

Bile acids la 43,195, 206, 333,334,364, 
365,376,411 

Bile acid conjugates la 376 
Bile acid methyl esters lb 446, 448 
Binding agent, influence on staining la 123 
S-Bioallethrine la 359 


Bioautographic determination with tissue 
homogenates la 109 
-, with cell organelles la 109 
-, with test organisms la 109 
Biodetection, alkaloids la 109 
-, antibiotics la 109 
-, bitter substances la 109 

enzymatic limit determination la 109 
-, insecticides la 109 
-, my cotoxins la 109 
-, phytohromones la 109 
-, range of variation la 110 
-, range of variation la 110 
-, reprint techniques la 109 
-, spice la 109 
-, zoo hormones la 109 
Biogenic amines lb 220 
Biotin la 269 
Biperidene lb 354 
Biphenyls, chlorinated lb 206 
2,2’-Bipyridine, reagent la216 
Bisabolol lb 239-242 
Bisabolol oxide lb 240-242 
Bisacodyl lb 254 
Bis-3,4-benzpyrenyl la 60 
Bis-(2-ethylhexyl)phosphoric acid la 174 
Bis-(2-ethylhexyl)phosphoric acid deriva¬ 
tives la 174 

Bis-(haloalkyl) sulfides la 359 
Bismuth cations la 144, 311 
Bitter principles la 7,109. 303, 430; lb 244 
Block copolymers lb 365 
Blue tetrazolium reagent la 219ff 
Boldenone lb 446 
L-Bomeol glucoside la 327 
Borntrager reaction lb 122 
Bomyl isovalerate lb 451 
Bratton-Marshall reagent la 223; lb 
47,106,113 
Brilliant green la 44 
Bromacil lb 418 
Bromate anions la 188,190 
Bromazepam lb 374 
Bromazine lb 211 


Bromine in mobile phase la 58 
Bromine vapor as reagent la 64, 86 
Bromexine lb 103-105 
Bromine-containing hypnotics lb 227 
Bromine-containing substances lb 373 
Bromhexine lb 268, 354, 374 
Bromide anions la 190; lb 128,129 
Bromination la 65,66 
Bromisoval lb 374 
a-Bromoisovalerianylurea la 65 
Bromite anions la 188 
4-Bromoaniline lb 324, 325,419 
Bromocresol blue la 45 
Bromocresol green la 45,228 
Bromocresol purple la 45,231 
Bromocriptin lb 354, 374 
4-Bromophenacyl bromide la 71 
4-Bromophenacyl esters la 72 
Bromopheniramine lb 354 
Bromophenol blue la 45, 228 
Bromophos-ethyl lb 338 
Bromopride lb 374 
Bromothymol blue la 45 
Bromureides lb 374 
Brucine la 60,67,315, 316; lb 188,280, 
361,383 

Bufotenine la 380; lb 348 
Bunitrolol la 429; lb 22 
Buphenin lb 354 
Bupivacaine lb 354 
Bupranolol lb 22, 354 
Butalamine lb 354 
Butamirat lb 354 
Butanilicaine lb 354 
Butralin lb 110-112 
Butter yellow lb 19 

2-,v«-ButylA-amino-6-nitrophenol lb 389 
Butylhydroxyanisole (=BHA) la 262 
Butylhydroxytoluene(=BHT) la 262 
-, as stabilizer la 120, 359, 361, 363 
fert-Butyl hypochlorite, as reagent la 86, 
87, 89, 234 

2-,v« -Butyl-4,6-nitrophenol lb 387 
ten -Butyl perbenzoate lb 227 
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C 

Cactus alkaloids lb 229 
Cadmium cations la 144, 311 
Caffeic acid lb 307,401 
Caffeine la 65,90; lb 50, 170-173,176, 
282,296,299, 300, 354 
Calciferol lb 280 

Calcium cations la 144, 145, 311, 312 
Calibration of the wavelength scale la 21 
Campesterol la 213 
Cannabinoids la 288, 291 
Cannizzaro reaction lb 54 
Canrenone la 411 
Caprolactam oligomers lb 204 
Capsaicinoids la 65 
Captagon lb 268 
Captan lb 29 
Captopril lb 283 
Caramel lb 4 
Carazole lb 22 
Carbadrine la 76 
Carbamates lb 282 
Carbamate herbicides lb 332 
Carbamate insecticides lb 83,332,334,415 
degradation products lb 212 
Carbamate pesticides la 44,74, 104, 107, 
223,225,288,290; lb 252,255,417 
Carbamazipine la 105, 244, 254, 359, 

360,397; lb 358 
Carbamide derivatives lb 204 
Carbamic acid derivatives lb 94 
N-Carbamyltryptophan lb 243 
Carbapenem antibiotics lb 244 
Carbaryl lb 83, 252, 332,334 
Carbazoles la252,260,416 
Carbetamide lb 417 
Carbofuran lb 83,332, 387,417 
Carbohydrates la 154,164, 185,188, 

195, 199, 219,277, 278, 303,304,408, 
426,428; lb 33,34, 36,47,232-234, 
283,327,421,424,430 
-reducing la 188; lb 215 
Carbon dioxide dipole moment la 97 
Carbon disulfide la 75 


l,l’-Carbonyldiimidazole lb 327 
Carbonyl compounds la 71,72,76,106, 
157,158,179-181,185, 202,273,274, 
347; lb 21, 51-54 

Carboxylic acid 2,4-dinitrobenzyl esters 
lb 425 

Carboxylic acids, la 44,45,70,91,170- 
178,229,231,232,248-250,256-258, 
307,308,426; lb 48,49,401 
-, aliphatic la 45, 173 
-, aromatic la 173, 307 
-, polybasic la 232, 248, 249 
-, reducing la 246 

Carboxyhemoglobin, dipole moment la 97 
Cardenolides lb 185, 186, 265,446 
Cardenolide glycosides lb 263 
-, acid hydrolysis la 62 
Cardiac glycosides la 63,64, 104,195, 
303-305,411,420,421,430,431,438, 
439; lb 185,263,266,446 
Cardol la 288 
Camosine [2] lb 158 
Carotenoids la 206; lb 282,284,446, 448 
Carotines lb 13 
Carprofen lb 143, 145, 146,312 
Carr-Price reagent la 206 
Cartelol lb 22 
Carvacrol la 153 
Carveol la 76 
Carvone la 72,376; lb 252 
Caryophyllene la 197, 198,214 
epoxide la 197,198; lb 374 
Castor oil lb 343 

Catechins lb 268, 307, 308, 379,440, 
442,443, 446, 447 
-, acetylated lb 443 
Catecholamines la 76,240,294,2%, 

392, 393, 395, 396; lb 37-39,48, 50, 
328,332,334 

Catecholamine metabolites lb 37-38, 327 
Catecholamine, triacetyl derivatives la 393 
Cations la 143-146, 310-313, 398; 

lb 119,151,259,317 
Celandine lb 23, 24 


Cellobiose lb 34 
Cellulose, microcrystalline la 123 
native la 123 

Central stimulants lb 204,268, 270 
Cephaelin la 46, 262, 263; lb 188,290, 
291,293,294 

Cephelosporins lb 84,85,301,303,304 
Cephelosporin C lb 84, 301 
Ceporin lb 301 
Ceramides Ia411;lb282 
Cerium cations la 144 
Cetanol, reaction with 8-bromomethyl- 
benzo-d-pyrido( 1,2-a)pyr-imidin-6-one 
la 106 

C-H acid compounds lb 52 
Chalcones la 303, 304 
Chamazulene lb 239 
Chamber saturation la 124,126 
Chamber system, choice of la 124 
Chamomile extract lb 240, 242 
Chamomile oil lb 241, 242 
Chanoclavin lb 243,252 
Charge transfer complexes lb 122ff, 179 
Chien-Kao reaction lb 119 
Chelate formers lb 119 
Chelates lb 119 
Chelidonine lb 23-25 
Chenodesoxycholic acid la 334 
Chinchonine lb 280, 383 
4-Chloroacetanilide la 65 
Chloramine derivatives lb 204,205,211 
Chloramphenicol lb 74 
Chlorate anions la 188-190 
Chlorazanile lb 354 
Chloride lb 128 
Chloride anions la 190; lb 129 
Chloridiazon lb 418 
Chlorination la 65,90 
Chlorine gas, dipole moment la 97 
Chlorine-containing insecticides lb 227 
Chlorine insecticides lb 83 
Chlorine vapor reagent la 64, 86 
Chlorite anions la 188,189 

2-Chloroanile, diazotization la 67 


Chloroaniles lb 199,201 

2- Chloroaniline lb 248, 324,325 

3- Chloroaniline lb 248, 324,325,419 

4- Chloroanihne lb 248, 395, 396,419 
-, nitration la 67 

Chlorobenzaldehyde derivatives la 72 

2- Chlorobenzoic acid la 72 

3- Chlorobenzoic acid la 72 

4- Chlorobenzoic acid la 72 
Chlorobromurone lb 244 

4- Chlorodiazepoxide la 267, 364; lb 

188,283 

Chlorogenic acid lb 307,401 

5- Chloroindole la 418 

3- Chloro-4-methoxyanihne lb 324, 325 

5-Chloro-2-(methylamino)benzophenone 

(=MACB) la 226,227 

4- Chloro-2-methylaniline lb 314, 315 
4-Chloro-2-nitroaniline lb 247, 248 
7-Chloro-4-nitrobenzo-2-oxa-l,3-di azole 

la 238 

4-Chlorophenol lb 419 
Chlorophenols lb 401 
Chlorophyll lb 216 
Chloroplast pigments la 303 
Chloroquine lb 354, 358 
Chlorotetracycline lb 271 
Chlorotheophylline lb 354 
Chlorothion lb 338 
Chlorothymol la 67 
Chi oroxuron 1 b 417 
Chlorphenethazine lb 352, 354, 355 
Chlorpheniramine lb 103-105 
Chlorphenoxamine lb 354 
Chlorphentermin lb 194,296 
Chlorpromazine lb 42,43, 356 
Chloropropham la 108; lb 204,417 
Chloropropionic acids la 46 
Chlorprothixen lb 268, 354 
Chlorthalidon lb 321 
Chlorthiazid lb 135, 136 
Chlortoluron 1 b 244,418 
Cholecalciferol lb 280, 359 
a-Cholestanol la 43,65 
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5-a-Cholestan-3-one la 43,334-336, 
421,422; lb 346 

Cholest-5-en-3(3,7a-diol lb 227,229 
Cholest-5-en-3p,7(3-diol lb 229 
4-Cholesten-3-one la 334-336,421,422; 
lb 346,390 

Cholesterol la 44,65,104,147, 148, 
191-194,213,214,248,333-336,351, 
376,377,385-387,411,421,422,438; 
lb 32, 34,43,173,307, 343,346,439 
-, dehydrogenated la 66 
-, esters la 44, 70,147,191,248,333, 
411,438,439; lb 290, 307 
-, gangliosides la 45 
-, glucuronides la 45 
-, propionate la 89 

Chlolesterol linoleate hydroperoxide lb 415 

Cholesteryl pelargonate lb 43 

Cholic acid la 334 

Cholinesterase lb 335 

Chromate anions lb 307 

Chromatogram dipping apparatus lb 60 

Chromatographic errors la 131 

Chromium cations la 144, 311 

Chromophores la 57 

Chromotropic acid 1 b 199, 201 

Chrysene la 39 

Chrysophanol lb 365 

Cimitidine lb 354 

Cinchona alkaloids la 314 

Cineole la 211; lb 451 

CinerinI lb 18 

Cinerinll lb 18 

Cinnamaldehyde la 158, 159 

Cinnamic acid la 171 

Cinnamic alcohol la 70 

Cinnamoylechinadiol lb 239 

Cinnamoylechinaxanthol lb 239 

Citraconic acid, reduction la 61 

Citral la 158, 159 

-, oxidation to geranic acid la 58 

Citrazinamide lb 244 

Citrazinic acid lb 244 

Citricacid la 45,233, 308; lb 401 


Citrinine la 69, 147, 148 
Citronellal la 158, 159 
Citronellol la 68-70,327 
Citronellyl acetate la 68 
Claisen-Tischenko reaction lb 54 
Clathrate complex lb 303 
Clavin alkaloids lb 243 
Clavine alkaloids lb 246,252 
Cleanup la 119 
Clemastin lb 354 
Clenbuterol lb 106,107, 354 
Clobutinol lb 354 
Cloforex lb 194, 296 
Clomethiazole lb 354 
Clomipramine lb 352,354, 355 
Clonacillin lb 301 
Clonidine lb 354 
Clopamide lb 354 
Clorexolon lb 321 
Clotrimazol lb 98,99,401,402 
Cloxacillin lb 84, 188 
Clozapin lb 354 
Cnicin lb 290 

Cobalt cations la 144,311; lb 151-153, 
259-261 

Cobalt-DMSO complexes lb 259 
Cobalt nitrate la 89 
Cocaine lb 32,33, 34,43,137,138,323, 
358, 360 

Codeine la 108, 299,301,302, 351, 353; 
lb 43,50,63,64,103-105,192,193, 
254,280, 290, 358,360,362, 363 
Codeine phosphate la 65,90 
Colchicine la 244-246; lb 376-378 
Colchicum autumnale, extract la 346; 
lb 378 

Colchicum alkaloids la 344, 345,420 

Collidine la 354 

Concentration zone, TLC plates with 

la 56 

Conditioning chamber la 87, 129, 131 
y-Coniceine lb 188 
Coniferyl alcohol lb 401 
Coniine lb 188 


Contact insecticides lb 18 
Contamination of the place of work la 92 
Continuous sources la 20 
Contraceptives la 206; lb 343 
Convallaria glycosides lb 265 
Convallatoxin lb 265,266 
Copper( 11) acetate la 242 
-, nitrate la 245 
-, sulfate la 248 

Copper cations la 144,145, 311; lb 259, 
260,317 

Coproporphyrin la 99ff 
Coprostanol la 104,334-336,385-387, 
421,422 

Coprostanone la 104, 334, 335,421,422; 
lb 346 

Coroxon lb 33 

Cortexolone (=Reichstein S) la 221, 321 
Corticosteroids la 219,222,318 
Corticosterone la 221,321; lb 282 
Cortisone la 221; lb 229,282,390 
Coumaphos lb 32,33,332,335,336 
Coumatetralyl lb 33 
Coupling TLC-F1D 1 b 6 
-, HPLC-HPTLC lb 5 
-, TLC-FTIR lb 6 
-, TLC-MS lb 6 
-, TLC-Raman lb 6 
Coupling with a-naphthol la 67 
-, Fast blue salt B la 288ff 
-, Fast blue salt BB la 290 
-, Fast blue salt K la 68 
-, Fast blue salt R la 67 
-, Fast blue salt RR la 290 
Creatine lb 36, 74 
Creatinine lb 36-39 
Crimidine lb 418 
Cucubitacins la 430,431 
Cumaric acid lb 448 
Cumarin lb 369,370, 387-389 
-, pH-dependent fluorescence la 91 
Cumarins la 62, 252,288; lb 36,214, 
216,218,367,401.403 
Cumarin glycosides lb 365 
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Cumol hydroperoxide lb 227 
Curare alkaloids lb 312 
Cyanazin lb 196,197,202,208,212, 
213,230,231,418 
Cyanhydrins lb 53 
N-Cyano benzylamphetamine lb 283 
Cyanogen bromide elimination lb 126 
Cyanogen bromide vapor la 86 
Cyano phases la 3 
Cyasorb lb 446 
Cyclamate la 388ff 
Cyclitols la 325 
Cyclochlorotin lb 204,206,207 
Cyclodextrins la 202 
Cyclohexanol la 43 
Cyclohexansulfamic acid la 174 
Cyclohexylamine derivatives la 45 
Cyclopenthiazide lb 321 
Cyclopentylphenols lb 282 
Cyclopiazonic acid lb 244,245,252,2! 
Cypermethrin lb 87 
Cyproheptadine lb 354 
Cysteine lb 84,132,301, 349, 358 
Cysteine adducts la 106 
Cystin lb 132,301,358 
Cytarabin lb 354 
Cythioates lb 365,387 
Cytidine la 63 

Cytidinediphosphate-glucose, enzymatic 
cleavage la 63 

Cytidine 5’monophosphate la 63 
-, enzymatic cleavage la 63 
Cytisin lb 188 
Cytochrome C 1 b 401 
Cytostatics lb 434 

D 

Dalbergions lb 367 
Dalbergion glycosides lb 365 
Dansylamides la 104,106-108 
Dansyl amino acids la 73, 107, 108 
Dansylation, amino acids la 73 
-, - with dansyl semicadaveride la 73, 5 
-, - with dansyl semipiperazide la 73, 5 



468 


Index 


inuex 


*tU7 


phenols la 73 
prechromatographic la 2ff 
primary amines la 73 
secondary amines la 73 
Darzen’s glycidic ester synthesis lb 53 
Data-pair method la 131,132 
Daucol, oxidation la 59 
DBA reagent la 281 
DC-Mat lb 14 
- multiple development lb 2 
DDT lb 83,122,227 
Deponder’s reagent lb 49 
Deguelin lb 327 
Dehydrol LS 3 lb 286,287 
Dehydroascorbic acid la 216,262,273- 
275,372-374; lb 168,169,434-436 
11 -Dehydrocorticosterone la 221 
Dehydroepiandrosterone lb 173 
Demeton lb 338 
Demeton-S-methyl lb 340,341 
Demeton-S-methyl sulfone lb 164,165, 
340,341 

Deoxynivalenol la 89,147,148 
Derivatization, increasing sensitivity la 57 
-, disadvantages la 57 
-, in situ la 56 
-, postchromatographic la 55 
-, prechromatographic la 55,56ff, 75; 
lb 104 

-, prechromatographic with 
-, - benzoyl chloride la 70 
-, - bromophenacyl bromide la 71 
-, - carbon disulfide la 75 
-, - diazoinethane la 71 
-, - 2\7’-dichlorofluorescein la 105 
-, - 3,5-dinitrobenzoyl chloride la 70 
-, - dinitrofluorobenzene la 71 
-, - 2,4-dinitrofluorobenzene la 71,75 
-, - diphenylacetyl-l,3-indandion-l-hy- 
drazone la 76 
-, - fluorescamine la 76 
-, - fluorescein la 105 
-, - heptafluorobutyric acid la 75 
-, - methyl iodide la 70 


- NBD chloride la 76 

- nitrophenyl isocyanate la 77 

- sodium methylate la 70 

- 4-toluenesulfonic acid la 76 

- zinc chloride la 76 
aim of la 56,57 

Derivatization as clean up la 56 
Derivatization during development la 57 
Desethylatrazin lb 419 
Desimipramin lb 358 
Desipramin lb 268,327,328,352,354 
Desisopropylatrazin lb 418 
Desinedipham lb 332 
Desmetryn lb 207,208,230,231,413, 
414 


Desoxyadenosine oligonucleotides la 76 
Desoxycholic acid la 334 
11-Desoxy corticosterone la 221; lb 346 
Detection, group-specific la 4,7 
-, substance specific la 4,7 
Detection of lipophilic substances la 43 
-, biological-physiologically la 4,6,7, 
9,109 

-, electrochemical lb 41 
-, group-characterizing la 4,7 
-, influence of sorbent la 90 
-, microchemical la 4,7,9 
-, nondestructive la 6,9,42ff 
-, pH-active substances la 45 
photochemical lb 13 
-, physical la 4, 6 
-, selectivity la 109 
-, substance-specific la 4,7 
-, thermochemical lb 27 
-, with the aid of aqueous dyes la 43 
Detergents la 44,86,89,191,388, 389, 
401; lb 282, 286,287,358 
Deuterium lamp la 21 
Dextromethorphan lb 354 
Dextropropoxyphen lb 354 
Dhurrin lb 121 


Diacetoxycirpenol lb 244 

1,2-Diacety lhy drazine, acid hydrolysis la 63 
Diacyl peroxides la 368; lb 227 


Dialkyl dithiophosphates lb 338 
Dialkyl peroxides lb 227 
Dialkyltin compounds la 399 
Diallate la 323 
o-Diamines, aromatic lb 383 
Diamines, o-substituted lb 395 

2.4- Diamino-6-methylphenol lb 324,325 

2.3- Diaminonaphthalene lb 384-386 

2.3- Diaminopyridine lb 385-386 
Diaryl dithiophosphates lb 338 
Diazepam la 266,303,304,364; lb 188, 

283,327,329 

Diazmon lb 304,305,338 
Diazoalkanes la 359 
Diazomethane la 70 
Diazotization la 66-68 
Dibenzepin lb 354 
Dibenzo[a]acridine lb 145 
Dibenzoazepine derivatives lb 345 
Dibenzoyl peroxide la 370 

2.6- Dibromoquinone 4-chlorimide, rea¬ 
gent la 252 

Dibutil lb 355,356 

2.6- Di-tert-butylphenol lb 446 
Dibutyltin dichloride la 399,400; lb 319 
Dibutyltin dilaurate la 399,400 
Dicarboxylic acids la 45,171,175,178, 

188,232,233,248,249,308,426; 
lb 143 

Diclobenil lb 419 

2.5- Dichloroacetanilide la 65 

2.3- Dichioroaniline lb 314,315 

2.5- Dichloroaniline lb 315 

3.4- Dichloroaniline lb 314,315,395, 
396,419 

3.5- Dichloroaniline lb 314,315 

2.4- Dichlorobenzoic acid la 72 

3.5- Dichlorobenzoic acid la 72 

2.6- Dichloroquinone 4-chlorimide, 
reagent la 260 

Dichlorofluorescein la 88,105,325 
2’,7’-Dichlorofluorescein, pH dependent 
fluorescence la 91 
2,4-Dichlorophenol lb 419 


2,6-Diehlorophenol-indophenol reagent 
la 256 

Dichlorphos lb 164,165,332,412 
Diclofenac lb 312 
Dicumarol lb 387 
Dieldrin la 76; lb 43,83,227 
Dienestrol lb 188,390,391 
Diethylalkylacetamide deri vatives la 45 
Diethylamine lb 268 
Diethylamine vapor la 86 
Diethylene glycol la 426 
Diethyl malonate lb 268,270 
Diethyl phenyl phosphate derivatives 
lb 282 

Diethylstilbestrol la 80,84,105,413, 
414,432,433; lb 390,391 
Diffusion destaining apparatus lb 59,60 
Difolatan lb 29 

Digitalis glycosides la 63,64,104,206, 
303-305,420,421,430,431; lb 184, 
186,266,343,344 
-, alkaline hydrolysis la 63 
-, A series la 421 
-, B series la 421 
-, C series la 421 
-, enzymatic cleavage la 64 
Digitoxin la 104,303; lb 172,183,186, 

187.267 

Diglycerides la 45,404; lb 282,290 
Diglycerin tetranitrate lb 415 
Digoxigenin la 305 
-, bis-digoxoside la 305 
-, monodigoxoside la 305 
Digoxin la 104,303,305; lb 172,183, 

186.187.267 

Dihydroergocristin lb 348 
Dihydroeigosin lb 243,247 
Dihydroergot alkaloids lb 350 
Dihydroergotamine lb 257,348,354 
Dihydroergotamine mesylate lb 249,25" 
Dihydroeigotoxin lb 348 
Dihydrolysergic acid lb 348 
Dihydroxyandrosterone lb 78 
Dihydroxy anthraquinone lb 122 
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w-Dihydroxybenzene la 174, 273 
o-Dihydroxybenzene la 89,174,273 
p-Dihydroxybenzene la 44, 89,174 
Dihydroxybenzene derivatives lb 179-181 
Dihydroxyergotoxin la 382 
Dihydroxyketones la 147 
Dihydroxynardol lb 239 
Dihydroxyphenols la 277 

3.4- Dihydrophenylacetic acid la 392 

2.4- Diiodoestrone la 66 
Dilaudid lb 358 
Diltiazem lb 354 
Dimefuron lb 417 
Dimerol lb 43 

Dimethoates lb 83, 164,165,338, 340, 341 

2.5- Dimethoxyaniline la 67 

2.5- Dimethoxy4-bromoamphetamine la 299 

2.5- Dimethoxytetrahydrofuran la 265 
Dimethylaminoazobenzene lb 19 
4-Dimethylaminobenzaldehyde la 265 
4-Dimethylamino cinnamaldehyde la 269 

2.3- Dimethylaniline lb 314, 315 

2.4- Dimethylaniline lb 247,248 

2.6- Dimethylaniline lb 324, 325,419 
N,N-Dimethylaniline lb 268 
Dimethylmercury lb 156 

2.5- Dimethylphenol lb 149 

2.6- Dimethylphenol lb 149 
Dimethylphenols lb 148,149 
N,N-Dimethyl-p-toluidine lb 268 
Dimethyl sulfoxide as intrinsic detector 

la 88 

Dimethyltin dichloride lb 319 
Dimetinden lb 354 
Dinitramine lb 110-112 
Dinitroaniline derivatives lb 111 
Dinitroaniline herbicides lb 110, 112 

2.4- Dinitrobenzamide lb 75 

3.5- Dinitrobenzoates la 77 
m -Dinitrobenzene lb 379 

3.5- Dinitrobezoyl chloride la 70 

2.4- Dinitrofluorobenzene la 71, 75 

2.4- Dinitrophenol lb 404,405,428,429 

2.5- Dinitrophenol lb 404,405,428 


2,6-Dinitrophenol lb 404,405,428,429 
Dinitrophenols la 273; lb 389,404,405, 
428,429 

Dinitrophenylacetate lb 365 
Dinitrophenyl derivatives lb 103-104 

2.4- Dinitrophenylhydrazine la 273 

2.4- Dinitrophenylhydrazones la 77; 
lb 324 

Dinitrophenylhydrazones lb 367 
Dinobuton lb 387 
Dinocap lb 108,418 
Dinoseb acetate lb 418 
Dioctyltin oxide la 399,400 
Diols lb 47 

- vicinal la 325,326, 329,330 
Dioleylphosphatidylcholine lb 282 
Diol phases la 3 
Diosgenin la 195 
oxidation la 59 
-, reduction la 61 
Diosgenone la 59 
Dioxacarb lb 332 
Dioxopromethazine lb 354 
Diphenhydramine lb 354 
Diphenyl la 44 

Dipheny lacety l-1,3-indandion-1 -hydra- 
zone la 76 

Diphenylamine la 179; lb 
Diphenylboric acid 2-aminoethyl ester 
la 277 

Diphenylboric acid anhydride la 281,284 
Diphenylcarbazone la 340 
Dipheny lmercury lb 156 
Diphenylpyraline lb 354 
Diphosphate (P 2 OV) la 172 
Diphrophylline lb 298 
Dipping la 80, 82ff 
-, manual-instrumental (a comparison) 
la 80, 84 

Dipping chambers la 83 
Dipping reagents la 82ff 
-, choice of solvent la 85 
Dipropropretryn lb 207,208,230, 231, 
413,414 


Dipterocarpol la 71 

Disaccharides la 154,155,161,163,179, 
181,203,204,228, 277,331; lb 421 
Disopyramide lb 354 
Distribution of substance in the layer la 91 
Disulfides lb 50, 301,338,339 
Disulfoton lb 338 
Diterpene glycosides la 195 
Dithiaden lb 280 
Dithiocarbamoylhydrazine lb 290 
Dithioglycolic acid la 248, 249 
Diuretics la 248,249,260; lb 95,135, 
188,189,191,321 
-, thiazide lb 136 
Drying cupboard la 93 
Diurone la 74; lb 244,417 
Dixyrazin lb 354-356 
DNP amino acids 1 a 75 
Dodecyl benzenesulfonate lb 282 
Documentation of chromatograms 1 a 119ff 
-, autoradiography la 6 
-, computer-based la 138 
-, Ilfospeed2.1 M paper la 136 
-, Kodak paper la 136 
-, Ozalid paper la 136 
-, photographic paper la 136 
-, photographing la 6, 134; lb 451 
-, photocopying la 6, 134 
-, sketching la 6, 134 
-, Ultrarapid blueprint paper la 135 
Dolantin lb 358 
Dolichol lb 34 

DOOB reagent la 239,284,285 
Dopa la 393-396 
Dopamine la 240, 393-396; lb 312 
Doping controls 1 b 97 
Dosulepin lb 365 
Doxapram lb 354 
Doxepin lb 354 
Doxycyclin lb 271 
Doxylamine lb 354 
N,N-DPDD lb 49,228, 229,417 
Dragendorff reagent lb 353,354 
Drofenin lb 354 


Drug monitoring 1 b 97 
Duggan reagent lb 411 
Dulcin la 10,11,223,388-390 
calibration curve la 34 
Dursban lb 32,365,387 

E 

Ecgonine lb 34,35 
Ecgonin methyl ester lb 32,34, 35 
Echimidine N-oxide lb 243 
EDTA lb 152 
Effortil la 107 

Ehrlich’s reagent lb 63, 230,231 
Eldrin la 76 

Electrochemical activation lb 41 
Electrophilic substitution lb 62 
Ellipton lb 327 
Emerson reagent la 151 
Emerson reaction lb 81 
Emetine la 46,263; lb 188,290,291, 
293,294,323 

Emission, see also fluorescence la 23,33, 
Emmerie-ENGEL reagent la 216 
Emodine lb 365 
Emulsifiers lb 282 
Enamino ketones 1 b 312 
Endosulfan lb 82, 83, 418 
Endrin lb 83 
Enols lb 119,307 
Enol ketones lb 312 
Enzyme inhibition reaction lb 335 
Eosin la 44, 64, 65 
Ephedrine la 45,107,173; lb 119,181 
268,283,327,329 
Epoxides la 63,359-361; lb 46 
Epoxy resins, pyrolysis products la 45 
Eprazinone lb 354 
EP reagent lb 63, 239,240 
Equilibration of the layer la 131 
17 a-Ethiny 1 -5 -androsteno-3 J5,17(5-diol 
lb 346 

Etiocholanolone lb 78 
Erdmann reaction lb 64 
Ergobasine 1 b 440,441,444,445 
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Ergocomine lb 243 
Ergocristine lb 245, 348 
Ergocryptine lb 379 
Ergoline carboxylic acids lb 243 
Ergometrine lb 243, 252,440,444 
Ergosterol la 351 

Ergot alkaloids la 380,381; lb 237,243, 
245,246,247,252,253,255,307, 321, 
323,348, 349,440,441,443-445 
-, hydrogenated lb 349 
Ergotamine lb 243, 252, 348,358, 445 
Ergotaminine lb 440,441,444,445 
Ergotamine tartrate lb 249,257,440,441 
Ergotamine D-tartrate lb 444 
Erlenmeyer reaction lb 53 
Emcic acid la 73 
Esidrix® lb 95 
Esters lb 243 
-, 4-dinitrophenyl lb 113 
Ethanolamine derivatives, aromatic 1 b 119 
Ethenzamide lb 354 
Essential oils lb 450 
Essential oil components la 87,89,92, 
153,195,197,210,211,376; lb 32, 
437,446,449,451 

Esterification, prechomatographic in situ 
la 69ff 

Estradiol la 68, 89,439,440; 1 b 177, 
178,312, 343,446 
17 (3-Estradiol lb 188 
Estriol la 67,68, 89, 104,107,439,440; 

lb 173,177,178,312 
Estriol 3-sulfate lb 346 
Estrogens la 66,67,68, 89, 104,107, 
195,333,411,430,432,438,439; 
lb 175,177, 332, 334,440 
Estrone la 66,68,89,439,440; lb 177, 
178,188,282, 284, 312, 346,390 
Estrone derivatives 1 b 279 
Etherification prechromatographic in situ 
la 69ff 

Ethopropazine lb 355 
Ethosuximide la 254, 255 
Ethoxolamide lb 188 


l-Ethoxylcarbonyl-2-arylazo-2-nitroe thane 
derivatives lb 365 
Ethoxyquine la 106,108 
Ethylamine lb 104, 268 
N-Ethylamine derivatives, tertiary lb 290 
Ethylamphetamines la 45 
N-Ethyl-N’-benzylthiourea lb 301 
N-Ethyl derivatives lb 190 
-, secondary lb 190 
-, tertiary lb 188, 191 
Ethelenediamine la 392 
Ethylene glycol dinitrate lb 415 
N4-Ethyl-N 4 -(2-methanesulfonamido-ethyl)- 
2-methyl-l ,4-phenylenediamine, reagent 
la 368 

Ethylmorphine lb 63 
Ethylmercury chloride lb 156 
Ethynylestradiol la 80, 84, 105,413,414, 
431-433 

17a-Ethynyl-1,3,5-estratrien-3,17p-diol 
lb 390 

Etophylline lb 299,300 
Etozolin lb 354 
Eugenol la 153 
Eusolex lb 446 

Evaluation of chromatograms la 133ff 
Evaluation, peak area or height la 31,33,40 
-, optical trains la 30, 39 
Evipan® la 339, 343 
Excitation to fluorescence la 10,12,20, 37 
Explosion resulting from reagent residues 
la 82,253,261,315,365 
Explosives lb 49,244, 407-409 
Exposure to vapors la 86 

F 

Fac lb 338 
Famesol lb 446 
Fast blue salt B la 288ff 
Fatty acids la 44,45,61,70,71,214,232, 
234, 333, 376,401,402,404,411,438; 
lb 144,282,430,437,438,446,448 
-, as dansyl cardaveride derivatives la 73 
-, as dansylpiperazide derivatives la 73 


-, in com extracts la 103 
-, detection limits la 43 
-, odd numbered la 73, 74 
-, reduction la 61 
Fatty acid esters la 242,243,364,404; 
lb 282 

Fatty acid methyl esters la 44, 70, 299, 
300,376,401 

Fatty alcohol dinitrobenzoates la 401 

Fatty aldehydes la 45 

Fatty oils lb 285,286,343 

FCPA reagent la 314 

Fendilin lb 354 

Fenetyline lb 354 

Fenitrothione lb 83,332,335,336, 369 

Fenpropathrin lb 86 

Fenproporex lb 354 

Fenuron lb 252, 418 

Fenyramidole lb 354 

Ferrithiocine lb 283 

Femlic acid lb 448 

Filters, “black light” la 38 

-, cut off la 17, 38 

-, monochromatic la 17,38 

-, optical transmittance la 15 

Filter paper, lining for chambers la 124 

Fisetin la 44 

Fixing a chromatogram la 133 
Flavanones lb 308 
Flavones lb 437 

Flavone glycosides, acid hydrolysis la 62 
Flavonoids la 44. 106, 147-149, 166, 

167,181,206, 273, 277, 279, 322, 323, 
438,439; lb 179,180,214,215,401, 
403,430,431,446, 448 
Flavonoid glycosides lb 307, 308 
Flavonols la 278, 288,401 
Flecainide lb 354 
Fluchloralin lb 110-112 
Flucythrinate lb 86 
Flubiprofcn lb 223,225, 226 
Flunitrazepam lb 90,91 
-, metabolites lb 91 
Fluoranthene la 85 


Fluorescamine la 76, 88,287, 294 
-, in mobile phase la 57 
Fluorescein la 64,65 
-, in bubble bath la 64 
-, pH-dependant fluorescence la 91 
-, sodium la 88, 326 
Fluorescence diminishing la 10 
Fluorescence enhancement lalOOff 
-, porphyrins la 102 
Fluorescence indicators, organic la 12ff 
-, interference during absorbance measure 
ment la 33 

Fluorescence measurement, filter combina¬ 
tion la 17 

Fluorescence quenching la 10,33,46,41 
137 

-, influence of oxygen la 99 
-, influence of sorbent la 103, 105 
-, laws la 40 

-quenching la 10, 33,46,137 
-, scans la 17 
-, selectivity la 38, 39 
-, stabilization la 98ff, 241, 278, 285, 
286, 296, 306,366, 373, 375, 381,382, 
397,413,421; lb 31 
-, enhancement by benzene la 103 
-, - cetyltrimethylammonium chloride 
la 108 

-, - [3-cyclodextrin la 108 
-, - dioctyl sulfosuccinate la 108, 301 
-, - dodecane la 103 
-, - ethanol vapor la 103 
-, - 2-ethoxythanol la 106 
-, - ethyleneglycol la 106 
-, - fatty acids la 103 
-, - FlombinY-Vac la 103 
-, - glycerol la 106 
-, - isooctane la 103 
-, - kerosine la 103 
-, - liquid paraffin la 103ff, 241, 285, 
286, 296, 304, 306,319,335, 361, 
363, 366,421,439; lb 32,216, 318 
-, - liquid paraffin/triethanolamine 
la 105, 397,413 
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- - monoethanolamine la 107 

- palmitic acid la 103 

- polyethylene glycol 400 la 106 

- polyethylene gylcol 4000 la 106.278 

- Silicone DC 200 la 105 

- sodium cholate la 108 

- sodium dodecylsulfate la 108 

- triethanolamine la 107,297 

- triethylamine la 107, 297 

- Triton X-100 la 108; lb 31, 391 
-, - water vapor la 105 
Fluroescence spectra, recording la 31,40 
-, optical train la 39 

Fluorescence stabilization, porphyrins 
la 100-101 
Fluorophors la 57 
Flupentixol lb 354 
Fluphenazine la 104; lb 354-356 
Fluspirilen lb 354 
Fluvalinates lb 86 
Foam bath, brominated la 64 
Folic acid la 223,225 
Folin-Ciocalteu’s reagent lb 180 
Folin’s reagent lb 321 
Formaldehyde la 299, 351 
-, vapor la 86 
Formazan lb 65 

Forrest reagent lb 352, 353, 355,356 
Fospirate lb 365 

Fmctose la 155, 156,158, 161, 162, 164, 
165, 182-184, 200, 201,203, 204, 277, 
278,331; lb 32,33, 36,223, 327,329, 
423,424 

Fructosyl-ny stose 1 b 423,424 
Fuberidazol lb 33 
Fuc-GMl lb 243 
Fuchsin, reagent la 329 
Fucose lb 34 

Fumaricacid la44, 171, 175, 233, 249, 
250,258,259, 308 
-, reduction la 61 
Functional chromaotgraphy lb 61 
Functional groups, recognition lb 45 
Fungal toxins lb 307 


Fungicides la 7; lb 108,194,196,297, 
330 

-, bioautographic detection la 109 
oxathizine la 44 
Furosemide la 108; lb 188 

G 

Galactosamine lb 232,234,235 
Galactose lb 33,422,423 
D-Galactose, dipole moment la 97 
Galacturonic acid la 45, 181 
Gallates la 262 
Gallic acid lb 307, 312,314,401 
Gallic acid esters lb 307, 338,446 
Gallium cations la 144 
Gallocatechins lb 442 
Gallotannins lb 312 
Gangliosides la 44,202,401,404; 

lb 244,246, 282 
GDla lb 244 
GDlb lb 244 

Gentamycins la 105, 270-272,286,287, 
294,356, 357, 382,383,404,423-425, 
435,436 

Gentisin lb 365, 367 

Gentisyl acid lb 307 

Geraniol la 58, 59,70, 76, 327; lb 34 

-, glucoside la 327 

-, oxidation la 59 

Geranic acid by oxidation of citral la 58 

Germine lb 283 

Genuine acetate lb 283 

Germine diacetate lb 283 

Gestagens la 318 

Gibberellins la 411 

Gibbs’ reagent la 76,252 

Ginsenosides lb 446 

Girard’s reagent la 72 

Gitogenin la 195 

Gitoxin lb 183 

Gliclazid lb 188 

Glucosamine lb 34,232, 234, 235 


Glucose la 45,63,89,97,164,165,176, 
181-184,277,278,331; lb 32-34,36, 
285,327,329,422,424 
Glucose derivatives la 45 
Glucose-8-methionine lb 387 
Glucose 1 -phosphate la 63 
-, enzymatic cleavage la 63 
Glucose symp la 182 
Glucosides, aryl la 185 
-, aryl la 186 
-, flavone la 323 
-, kaempferol la 323 
-, L-menthyl la 325, 327,328 
monoterpene la 327, 328 
-, naphthoquinone la 166 
sesquiterpene la 327 
-, terpene la 327 
thio la 185, 186 
Glutaconic acid la 181 
Glucanonic acid, reduction la 61 
Glutamic acid la 45 
Glutaric acid lb 143 
Glutethimide la 337,340 
Glycerides la 44 
Glycerol la 325 
Glycerol phosphatides la 70 
Glycine la 246,267,268,296,297,356,435 
-, dipole moment la 97 
Glycol aldehyde la 157 

dinitrophenylhydrazone lb 365 
Glycols la 426 
Glycolic acid la 45,426 
Glycolic acid esters, N-containing 1 b 282 
Glycolipids la 44,45, 202,242,243 
Glycosides la 62,179,181, 195, 197, 
203,325,326 
-, acid hydrolysis la 62 
-, alkyl la 426 

anodendrone lb 263 
- anthraquinone lb 365 
cardenolide lb 446 
cardiac la 63, 64, 104,195, 303-305, 
420,421,430,431 
-, Convallaria lb 263, 265 


-, cumarin lb 365 
-, dalbergion lb 365 
-, digitalis la 63, 64, 104, 303-305,4 
421, 430, 431; lb 170, 183, 184,186 
263, 266, 343,344 
diterpene la 195 

-, flavonoid la 62,106,166: lb 307, 
-, steroid la 206 
Strophantus lb 263 
-, xanthone lb 365 
Glycosphingolipids la 44 
Glycyrrhetic acid acetate la 65,70 
Glymidin lb 354 
Glyoxylic acid la 157 
Gyloxylic acid vapor la 86 
GM1 lb 244 
GM2 lb 244 
GOD reagent la 78 
Gold cations la 144 
Gramme la 106, 107 
Grating monochromators la 17 
Griess reagent 1 b 409 
Gringard reaction lb 54 
Group reagents lb 45ff 
Group-specific reagents lb 46ff 
GT1 b lb 244 
Guaifenesin la 299 
Guanine lb 74 

H 

Halocaline lb 446 
Halochromism lb 122 
Halogens (labile bonded) la 359,361 
Halogen anions la 231, 232 
Halogen-containing substances lb 227, 
Halogen derivatives lb 49 
Halides lb 129 

N,N-bis-(Haloalkyl)alkylamines la 3. 

N,N,N-(tri-Haloalkyl)amines la 349 

Halogenation la 64 

-, chlorine gas la 65 

-, iodine chamber la 66 

-, thionyl chloride la 65 

-, with bromine vapor/solution la 65 
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Halogen lamp la 22 
Halogen oxyacids la 188, 189 
Haloperidol lb 268, 354 
Harmalin lb 188 
Harpagophytum alkaloids lb 243 
Harpagoside lb 243 
Hecogenine la 71 

Hedeoma pulegioides, essential oil compo¬ 
nents la 195 

Heptaene antibiotics la 195 
Heptafluorobutyric acid la 75 
Heptaporphyrin la 99ff 
Herbicides lb 108 
-, anilide la 223, 225 
-, N-aryl-N’,N’-dialkylurea la 43 
-, 2-see-butyl-4,6-dinitrophenyl lb 387 
-, carbamate la 44,74,104, 107, 223, 
225;lb 332 

-, dinitroaniline lb 110, 112 
-, phenoxyacetic acid la 260 
-, phenyl carbamate lb 244 
-, phenyl carbonate lb 204 
-, phenylurea lb 244 
-, residues la 45,210 
-, triazine lb 68, 69, 194,196, 197, 199, 
201,202,204, 207, 208, 210-212, 22 
-, urea la 43,74,104, 107, 223, 225; lb 
68-69,94 

Heroin la 108, 166-168,299, 301, 302, 
351,353; lb 358 

Heteroarylpropionic acids lb 143,223,224 
Heterocyclics la 252,260,299,416; 

lb 401 

N-Heterocyclics la 252; lb 268 
Hexachlorocyclohexane lb 227 
Hexachlorocyclohexane isomers lb 211 
Hexacyanoferrate(II) anions lb 307 
Hexacyanoferrate(III) anions lb 307 
n-Hexadecanol esters, alkaline hydrolysis 
la 63 

Hexamine lb 210 
Hexaporphyrin la 102 
Hexazinone lb 418 
Hexitols la 426 


Hexobarbital la 254,255 
Hexoses la 161,202 
Hexuronic acid la 158 
Hippadin lb 290 
Hippuric acid lb 125 
Histamine la 294,296,355; 
lb 231,349,401 

Histidine lb 74,158-160,349,401,437 
-, N-a-Z-L- lb 160 
Histidine derivatives lb 158 
Histidyl peptides lb 349 
HMX lb 407,408 
Homofenazine lb 354 
Homogentisic acid la 166,167 
Homovanillic acid lb 21,38, 39 
Hordenin lb 229 
Horizontal chamber la 127 
Hormones, steroidal la 206 
Hotplates la 93 ff 
-, temperature adjustment la 94 
temperature distribution la 95 
Husemann reaction lb 64 
Hydastin lb 358 
Hydrazines la 269,284; lb 383 
Hydrazone formation la 71 ff 
-, 2,4-dinitrophenylsemicarbazide la 72 
-, Girard’s reagent la 72 
-, 4-nitrophenylhydrazine la 72 
-, trimethylacetohydrazide la 72 
-, with 2,4-dinitrophenylhydrazine 
la 71, 72, 274 

Hydrides, complex, reduction with lb 54 
Hydrocarbons la 39, 43-46, 191,210, 

214,252, 260,299,404,416; 
lb 282,291 

-, aromatic la 46,210,252, 260, 299,416 

-, chlorinated lb 418 

-, polycyclic aromatic lb 278 

-, - fluorescence enhancement la 103, 108 

-, - oxidation la 60 

Hydrochloric acid la 269 

-, vapor la 86,303 

Hydrocortisone la 221; lb 343 

Hydrocortisone as dansylhydrazone la 221 


Hydrochlothiazide lb 95-97,135,136 
Hydrocyanic acid glycosides lb 120 
Hydrogen lamp la 21, 22 
Hydrogen peroxide la 307ff, 368 
Hydrogen sulfide vapor la 86 
Hydrolysis 

-, enzymatic la 63, 64 

-, in ammonia atmosphere la 63 

-, in methanolic potassium hydroxide la 63 

-, in methanolic sodium hydroxide la 63 

-, with Luizym® solution la 64 

-, phosphodiesterase la 63 

-, phospholipase la 64 

-, phosphate monoesterase la 63 

-, phosphoric acid la 63 

-, potassium hydoxide la 63 

-, hydrochloric acid la 62 

Hydroperoxides la 368; lb 372 

-, alkyl lb 227 

11 -{5 Hydroperoxylanostenyl acetate, reduc¬ 
tion la 62 

Hydroquinone la 44, 89, 174; lb 170, 
172,181,268 

Hydroxamic acids lb 307 
Hydroxyacetophenone derivatives lb 282 
n-Hydroxy acids 1 a 71 
1 -Hydroxyacridone alkaloids lb 307,308 
Hydroxyamino acids lb 133 
Hydroxyanthraquinone la 148,288 
4-Hydroxybenzaldehyde lb 401 
Hydroxybenzaldehyde derivatives la 72 
4-Hydroxybenzoate esters lb 80 
4-Hydroxybenzoic acid la 308; lb 80 
8-Hydroxyquinoline lb 201 
-, reagent la 144,310 
a Hydroxyquinones lb 158,159 
1-Hydroxychlorden la 44 
Hydroxycinnamic acid la 277 
Hydroxycinnamic acid derivatives lb 307 
Hydroxycitronellal lb 451 
17-Hydroxycorticosteroids, oxidation la 59 
4-Hydroxycumarin la 359 
1 -Hydroxyethane-1,1 -diphosphonic acid 
la 172 


5- Hydroxyflavones lb 158,159 

6- Hydroxyflavone la 70 
5-Hydroxyflavonoids lb 159 
Hydroxyindole derivatives lb 252,44i 
5-Hydroxyindolylacetic acid la 380,3: 

lb 37-39 

5-Hydroxyindoyl-3-acetic acid lb 243 
Hydroxylupanine lb 32 
Hydroxyproline la 240,241, 246,435; 
lb 132,323 

4- Hydroxypropranolol lb 350, 351 
Hydroxyskatoles lb 252, 254 
A 5 -3(3 Hydroxysteroids la 385 
A 5 -3-Hydroxysteroids lb 29 
N-Hydroxysuccinimide lb 199 

5- Hydroxytryptamine la 380 
5-Hydroxytryptophan la 240,241 
3 Hydroxytyramine la 392 
Hymenin lb 446 
Hyodesoxycholic acid 1 a 334 
Hypericin la 148, 279,280 
Hyperoside la 149,279,323 
Hypnotics, bromine-containing lb 227 

I 

Imiclopazine lb 354 
Imidan lb 32 
Imidazole lb 268,270 
Imidazole antimycotics lb 98 
Imidazole derivatives la 380; lb 48, 5 
99,290,401 

Imidazole thioethers lb 401 

Imino groups lb 194 

Imipramine lb 327,328, 352-354,358 

Imipramine derivatives lb 352-354 

Imperatorin la 65 

Impregnation, with caffeine la 86 

-, - silver nitrate la 86 

-, - tungstate la 86 

Indandione derivatives lb 359,401 

IndencK l,2,3-cd)pyrene la 39,85 

Indium cations la 144 
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Indoles la 46,252,260, 269, 314,315, 
364,417,418; lb 268,270,379,440, 
441,443-445 
(3-substituted la 270 
Indoleacetic acid la 45 
Indol-3-acetic acid lb 234,343 
Indole alkaloids la 66, 314; lb 279 
Indole amines la 76,294,296 
Indole derivatives la 45,76,106,260, 
270,294,296, 376, 380-382,416,417; 
lb 48,63,236,243,245,246,247,252- 
254,277,348, 350,440,441,444 
Inflammation inhibitors lb 312 
INH reagent la 318 
Inositol lb 43 

Insecticides la 7,44,76; lb 82,83,229, 
327,338 

-, carbamate lb 83, 332, 334,415 
-, chlorinated lb 83 
-, chlorine-containing lb 227 
-, organophosphorus la 337, 340, 341, 
359, 351-363; lb 83,332,415 
-, pyrethroid la 359 
-, thiophosphoric acid lb 113-115, 162- 
164, 301, 304, 305, 333-335, 338-340, 
367,413 

Insulin derivatives lb 401 
Iodate anions la 188,190; lb 307 
Iodine staining 1 b 27 8 
Iodine-azide reaction lb 85, 301-304 
Iodide anions la 190; lb 76, 77, 128, 129 
Iodide vapor la 46,64,78 
Iodination la 66 

Iodine-starch inclusion compounds la 46 
Iodine-starch complex lb 195 
Iodine substitution under the influence of 
light la 47 

Iodine compounds lb 76, 77 
Ipecacuanha la 47 
Ipecacuahna extract la 263; lb 294 
Ipecacuanhae radix la 263 
Ipecacuanha, tincture lb 292,293 
Iprodion lb 230 
Irgasan lb 227 


Iridoids lb 446 
Iron cations la 144, 217, 311; 
lb 151-153,159,160 

Iron(III) chloride, reagent la 170, 216,314 
Isoacsorbic acid la 376 
Isobomyl acetate lb 451 
Isocorydin lb 358 
Isocyanates lb 106, 107 
Isogentisin lb 365 
Isoleucine la 246,247 
Isolysergamide lb 243 
Isomethone lb 437 
Isomerization lb 18 
Isonicotinic acid hydrazide la 31 Iff 
Isoprenaline la 395,396; lb 268 
Isoprenoids la 44 
Isopropaline lb 110-112 
Isopropylamine lb 104 
4-Isopropylaniline lb 395-396 
Isoproturon lb 418 
Isopulegol, oxidation la 59 
Isoquercitrin la 279,280, 323 
Isoquinoline alkaloids la 46,66,262; 
lb 279 

lsorhamnetin la 323 
Isothiazolone, microbiocidal la 45 
Isothiocyanates la 75; lb 312 
Isothiocyanate anions lb 307 
Isotopes, detection limits la 41 
Itaconic acid, reduction la 61 
lodazide reaction lb 301,303 

J 

Jensens’s reagent lb 183 

K 

Kaempferol glucoside la 323 
Kedde’s reagent lb 236,237 
1 -Kestose lb 423,424 
6-Kestose lb 423 
Ketazon lb 280 
Keto acids la 262 
a-Keto acids la 249,262,372 
-, quinoxalone derivatives lb 343 


11-Ketoetiocholanolone lb 346 
3-Ketobetulic acid la 59 
7-Ketocholesterol, reduction la 60 
Ketoglutaric acid la 45, 249 
Keto groups, free la 273 
Ketohexoses la 180,181 
a-Ketolactones lb 307 
a-Ketolsteroids lb 64 
Ketones la 72; lb 49, 51-54 
Ketone peroxides la 368; lb 227 


Ketosugars lb 223, 224 
3-Ketoursolic acid la 59 
Khusol, oxidation la 59 
Knoevanagel reaction lb 53 
Kober reaction lb 65 
Kojicacid lb 401 
Kryptobases lb 53 
Kubelka-Munk function la 35,36 

L 

Labelling of chromatograms la 13 Iff 


-, tungsten la 21 
-, UV la 13-17 
-, xenon la 20,22 
Landrin lb 29,312 
Lanthanum cations la 144 
Lasalocid lb 446 
Laser, He-Ne la 22 
Laurie acid la 402,406 
Lauryl alcohol lb 43 
Lavender oil lb 451 
Lead(II) acetate basic reagent la 322 
Lead(IV) acetate dichlorofluorescein re 
gent la 325-328 

Lead(IV) acetate fuchsin reagent la 329- 
Lead cations la 144; lb 317 
Lecithin la 44, 377, 378; lb 282, 327 
Legal’s sample 1 b 119 
Leucine la 246,247,267,268,296,2 
Leuckart-Wallach reaction lb 54 
Levomepromazine lb 354,356 
Lidocaine lb 137, 138,188 
Lichen acids la 45 
Lidoflazin lb 354 
Liebermann-Burchard reaction lb 
Lignans lb 312 

Lily of the valley extract lb 185, 266 
Limonene oxidation products lb 372 
Limonine lb 244 
Linalool la 68,69,70,76, 327 
-, glucoside la 327 
Linaloyl acetate la 68 
Lincomycin lb 446,448 
Linearity, improvement of the calibratic 
by derivatization la 56 
Linear chamber (cf also horizontal char 
ber) la 5 
Linoleic acid la 73 
Linoleic acid hydroperoxide lb 227 
Linoleic acid, oxidation products lb 2 
Linolenic acid la 73 
Linseed oil lb 286 
Linurone la 74, 108; lb 68,69,244,1 
418 


Lacticacid la 45,171,230,233,250, 
258,259,308 

Lactose la 155,156,161,162,181-183, 
277,278; lb 36, 223, 423 


Lamps, working life la 21 

-, deuterium la 21 

-, halogen la 22 

-, hydrogen la 20, 21 

-, mercury la 20, 23 

-, radiation characteristics la 20,21 


Ketoprofen lb 223, 225, 226 
Ketoses la 180,181,202,203,220,273, 
274,428; lb 224 
Ketosteroids la 333; lb 358 
A 4 -3-Ketosteroids lb 29, 227, 229, 387, 
389,415 

A 5 -3-Ketosteroids lb 29,229 
A 5 -Ketosteroids lb 229 
A 4 -3-Ketosteroid-a-ketols lb 227 
A 5 -3-Ketosteroid-a-ketols lb 227 
3-Ketosteroids la 88,104,152,220,318, 
319 

17-Ketosteroids la 59; lb 78-79 
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Lipids la 44-46, 89,191,242,333,376, 
377,401,404,411,438,439; lb 34, 
277,281,282, 290 
Lipoproteins la 44 
Lipopurothionine lb 290 
Liquid crystals lb 343 
Lisuride dihydrogen maleate lb 249 
Lisuride hydrogen maleate 1 b 257 
Lithium cations la 144 
Lithocholic acid la 334 
Local anesthetics lb 137,188 
Lofepramine lb 354, 355 
LSD lb 243, 323, 348 
Ludox solution lb 329 
Lugol’s solution lb 292 
Luminal® la 339,342, 343 
Luminescence la 10, 11, 15 
Lupanine lb 32 
Lupeol la 70 

Lupeol acetate, alkaline hydrolysis la 63 

Lupinine lb 32 

Luteolin la 220, 221,279 

Luteoskyrin la 104 

Lysergic acid lb 348 

Lysergic acid and derivatives la 98, 340; 

lb 441-443 
Lysergamide lb 243 
Lyseric acid diethylamide lb 252,255 
Lysine Ia435;lbl32 

M 

MACB=5-chloro-2-(methylamino)benzo- 
phenone la 227 
Macrolide antibiotics la 195 
Magnesium cations la 144, 145, 311, 312 
M alachite green la 45 
Malathion lb 83, 304, 305,338, 340, 341 
Maleic acid la 44,61,171,230,249,250 
Malic acid la 45, 175,230,233,250,258, 
259, 308 

Malonic acid la 45,249 

Maloron la 108 

Maltodextrin la 182 

Maltose la 164, 165,181-184; lb423,424 


Maltotetraose lb 423,424 

Maltotriose lb 423,424 

Mandelin’s reagent la 426 

Mandelonitrile glycosides lb 120-122 

Manganese(II) chloride la 333 

Manganese cations la 144; lb 259 

Mannitol la 409,410 

Mannose lb 33,423 

Maprotilin lb 268,358 

Maretin lb 32,365 

Maridommycins lb 283 

Marking the mobile phase front la 132 

Marmesin la 67 

Marquis reagent la 299; lb 63 

Marquis reaction la 352; lb 58 

Matacil la 107; lb 312 

Matricin lb 239,240 

Matrix effect and Rf value la 133 

MBTH reagent la 347 

MDPF reagent la 344 

Measurement wavelength, choice la 31 

Meerwein-Ponndorff reduction lb 54 

MeiseNHEIMer complex lb 47,264,366 

Melamine resin lb 212, 213 

Melezitose lb 423 

Melibiose lb 423 

Melissae folium , essential oil components 
la 195 

Melperon lb 354 
Memory effect lb 20 
Menazon lb 32, 365, 387 
Menthofuran la 211,212 
Menthol la 44, 59,68, 69, 70, 197, 198, 
327; lb 451 
-, glucoside la 224 
Menthone la 72, 210, 211; lb 252, 451 
Menthyl acetate la 68,197,211; lb 451 
Menthyl glucoside la 325, 328 
Meprobamat lb 204 
Mercaptans la 239; lb 338, 339 
6-Mercaptopurine derivatives lb 290 
Mercaptoethanol lb 349 
Mercury cations la 144, 311 


Mercury high pressure lamp, emission 
lines la 23,24 
technical data la 23 
Mercury lamps la 20,22ff 
Mercury(I) nitrate, reagent la 337 
Mercury(D) salt, reagent la 340 
Mesaconic acid, reduction la 61 
Mescaline lb 268 
Mesoporphyrin la 101,102 
Metabenzthiazurone lb 33,418 
Metabolites lb 37,135,268, 358 
Metal chelates la 248 
Metal ions la 398 

Metal cations la 310-312,398; lb 259, 

317 

Metal complexes la 248, 398; lb 119ff 
Metamitron lb 418 
Metasystox lb 338 
Metazachlor 1 b 417 
Methadone lb 43,358,360 
Methamidophos lb 164,165 
Methamphetamine lb 268,283 
Methanol, dipole moment la 97 
Methaqualon lb 258 
Methazolamidc lb 188 
Methicillin lb 84, 301 
Methionine lb 301,358 
Methionine sulfoxide lb 75 
Methoprotryn lb 207, 208,230,231,413, 
414 

Methoxybenzaldehyde derivatives la 72 
Methoxychlor lb 227 
Methoxycinnamic acid la 277 

2- Methoxy-2,4-diphenyl-3(2H)-furanone 

reagent la 344 

3- Methoxy-4-hydroxyacetophenone lb 446 

2- Methoxy-9-isothiocyanatoacridine lb 144 
Methylamine lb 104 
N-Methyl-N-(4-aminobenzyl)- amino deri¬ 
vatives of isocyanates lb 106 

Methylarbutine la 327 
Methyl-2-benzamidazolyl carbamate lb 194 

3- Methyl-2-benzothiazolinon-hydrazone 

la 347 


Index t 

Methyl desoxyglycyrrhetate la 61 
p-O-Methyldhurrin lb 121 
Methyldigoxin la 104 
P-Methyldigoxin lb 183 
Methyl dopa lb 125,136 
Methyl elaidate, oxidation products lb i 
Methylephedrine lb 327 
2-Methyl-6-ethylaniline lb 324,325 
Methylglucoside lb 33 
Methyl glycyrrhetate, reduction la 61 
Methyl iodide la 70 
Methyl ketols lb 236 
Methyl linoleate oxidation products lb 
Methylmercury chloride lb 156 
Methyl oleate oxidation products lb 37 
Methylpaludinium chloride lb 358 
9-(m-Methylphenoxy)acridine lb 145 
9-(p-Methylphenoxy)acridine lb 145 
N-Methylphenylalanine la 89 
Methylsuccinic acid la 349 
Methyl sugars la 188 
p-O-Methyltaxiphylline lb 121 

4-Methylumbelliferone, pH dependent fl 
rescence la 91 
Methysergide lb 249 
Methysergide maleate lb 249,257 
Metobromuron 1 b 418 
Metolachlor lb 417 
Metoprolol lb 268 
Metoxurone 1 a 74; lb 418 
Metribuzin lb 204,418 
Mevinphos lb 412 
-, cis lb 164, 165 
-, trans lb 164, 165 
Mex acarabate lb 312 
Michler’s thi oketone 1 b 154, 155 
Microwave apparatus la 96ff 
Mineral oil lb 344 
Mirsol la 45 
Mitragyna alkloids 1 a 314 
Mixing mobile phases la 132 
Molybdenum blue lb 79 
Molybdenum(Vl) anions lb 88, 89 
Molybdenum (VI) ions lb 151, 152 
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Molybdenum cations la 398 
Molybdatophosphoric acid la 89, 376 
Monensin lb 446 
Moniliformin la 347, 348 
6-Monoacetylmorphine la 74, 108, 166, 
168,299,301,302,351,353 
Monocarboxylic acids, see carboxylic acids 
Monoglycerides la 45; lb 290 
Monolinuron lb 418 
Monomethylhydrazine la 270 
Monomethyltryptamine lb 252 
Mononitrophenyl acetate lb 365 
Monophosphate (POY) la 172 
Monosaccharides la 154,160, 163, 179, 
181,185,186, 188, 199,200,325; 
lb 34,421 

Monoterpenes lb 448 
Monoterpene glucosides la 327, 328 
Monoterpene hydrocarbons la 76 
Monoterpene ketones lb 252-254 
Monuron lb 252,418 
Morazone la 45 
Morgan-Elson reagent lb 63 
Morin la 44, 91 

Morphine la 74, 105, 108, 166-168, 235, 
299-302, 352, 353, 376; lb 43, 63, 188, 
192,193,268,280, 358, 360, 362, 363 
Morphine derivatives lb 63 
Morphine 6-nicotinate la 74 
Morpholine lb48, 124,125 
Mucolytics lb 103 
Murexide lb 174 
Murexide reaction lb 174, 176 
Mustard gas derivatives la 359 
Mustard oil lb 312 
Mycophenolic acid lb 307 
Mycotoxins la 7,69, 103, 105, 109, 147, 

148, 166,195, 347, 359,411,438,439; 
lb 244, 283, 307, 387 
Myoglobin, dipole moment la 97 
Myristic acid la 402,406 
r/.v-Myrtenol glucoside la 327 


N 

Nadolol la 299; lb 22,348 

Nafazatrom lb 237 

Nafcillin lb 188 

Naled lb 412 

Naloxon lb 358 

Naltrexon lb 258 

Naphthoquinone glucosides la 166 

1,2-Napthoquinone 4-sulfonic acid la 35 Iff 

a-Naphthol lb 387, 389 

a-,P-Naphthol la 67,225, 368 

-, pH-dependent fluorescence la 91 

1- Naphthol lb 274,275 

2- Naphthol lb 274,275 
2,1,3-Naphthoselenodiazole la 102, 104, 

108 

Naphthylamines la 66; lb 279,401 
2-Naphthyl benzoate lb 366 
Naproxene lb 143, 145, 146 
Naptalam lb 33 
Narasin lb 446 
Narceine lb 193 
Narcotin lb 192,193,362, 363 
Narcotics la 260 

Naturstoffreagcnz A according to Neu 
la 277 

NBD chloride reagent la 76, 238, 287; 

lb 50 

NBP reagent la 90, 359 
Neatan perservation la 134 
Neoamygdalline lb 121 
Neo-kestose lb 423 
Neomycin la 287,423 
Neostigmine lb 290 
Nephopam la 45 
Nerol la 76, 327 
-, glucoside la 327 
Netilmicin la 105, 286, 287 
Nettle leaf extract 1 b 217 
Neuroleptics lb 352 
Nickel-DMSO complex lb 259 
Nickel cations la 144, 145, 311; 
lb 259-260 

Nicotinamide lb 126, 127, 204, 365 


Nicotinic acid lb 126,127 

Ninhydrin la 87,88,90,354 

-, in mobile phase la 57, 88 

-, reaction, stabilization by cadmium la 98 

Nitralin lb 110-112 

Nitrate lb 128 

Nitrate anions lb 66,67,129 

Nitrate esters lb 415,417 

Nitration la 66ff 

Nitrazepam la 267,364; lb 114 

Nitrite anion lb 66, 67, 307,407-410 

4-Nitroaniline lb 415,420 

Nitroaromatics lb 90, 246 

Nitroaryl esters lb 365 

Nitrobenzylarenes lb 290 

4- (4-Nitrobenzyl)-pyridine, reagent la 359 
Nitrocompounds la 58,409,411; 

lb 58,407,409 

-, aromatic la 66,270; lb 62, 94, 103, 
108, 109,418, 425,426 
-, reduction la 61 
Nitro derivatives 1 b 49 
Nitrogen compounds lb 358 
-, tertiary lb 278,296 
Nitroglycerol lb 415 
Nitro groups, reduction la 77 

5- Nitroindole la 418 
Nitrophenacyl esters lb 122 

2- Nitrophenol lb 404, 405,428,429 

3- Nitrophenol lb 404, 405,428,429 

4- Nitrophenol lb 199,404,405,426,428 
Nitrophenols lb 404,425,427, 428 
Nitrophenyl isocyanate la 77 

1 -Nitropyrene, reduction la 61 
N-Nitrosamine la 107; lb 407-409 
Nitrous fumes for nitration la 67 
a-Nitroso-(3-naphthol lb 179,180 
Noltran lb 365 
Nomifensin lb 22, 34 
Nomifensin metabolites lb 34 
Nomilin lb 244 
Nonanyl peroxide lb 227 
Nondestructive detection la 42ff 
iodine treatment la 46 


-, with fluorescence reagents la 44 
-, with pH indicators la 45 
Noradrenaline la 76,240,393-396; 
lb 37-39 

Norephedrine la 76 
N orfenefrine 1 a 76 
Norfenfluramine derivatives la 45 
19-Norsteroids lb 282 
11 -Nor-A 9 -THC 9-carboxylic acid la 21 
292 

Nortriptyline lb 100-102, 268,354 
Novonal® la 339 
NRDC149 lb 87 
Nucleosides la 364; lb 34 
Nucleotides la 76,234,364 
Nux vomica extract la 316; lb 361 
Nystatin la 148 
Nystose lb 423,424 

O 

Ochratoxin la 69,147,166,167 
Oil components lb 286 
Oleic acid la 73, 89; lb 43 
Oleanolic acid by reduction la 60 
Oleanonic acid by oxidation la 59,70 
Oleanonic acid methyl ester la 70 
Olefines la 359 
Oleic acid la 73, 89; lb 43 
Oligogalacturonic acids la 45,322 
Oligo peptides lb 401 
Oligosaccharides la 86,179,181,188 
199, 325,408,426; lb 33,34,421,4 
Oligourethanes lb 72 
Oligouronic acids la 188 
Omcthoate lb 164,165 
On-line sample preparator lb 4 
OPA reagent la 287, 380 
Opium alkaloids lb 192,277,280,28i 
324,362,363 

Oppenauer oxidation lb 54 
Oppenauer reaction la 59 
OPT reagent la 380 
Optical trains, evaluation la 30, 39 
Orellanine lb 307 
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Orelline lb 307 
Orellinine lb 307 
Organic anions la 44 
Organoarsenic compounds la 269 
Organomercury compounds lb 154,155 
Organophosphorus insecticides la 337, 
340,341,359, 361-363 
Organophosphoric acids la 70 
Organophosphoric acid insecticides lb 45 
Organophosphoric acid pesticides lb 387, 
389,418 

Organotin compounds la 399; lb 21, 319 
Ornithine la 235 
Orthosipon leaf extract 1 b 216,217 
Oryzalin lb 110-112 
Ovalbumin lb 401 
Over pressure layer chromatography 
(OPLC) lb4 
Oxacillin lb 84,188,301 
Oxaflozan lb 268, 358 
Oxalic acid la 45,171,426 
Oxamyl lb 332 

1,4-Oxathiine derivatives lb 301, 304 
Oxathizine fungicides la 44 
Oxazepam la 364 
Oxazolidinthione derivatives lb 301 
Oxeladine citrate lb 327 
Oxidation, aluminium isopropoxide la 59 
-, atmospheric oxygen la 60 
-, chromic acid la 59, 60 
-, hydrogen peroxide la 59 
-, iodine la 60 

-, 1,4-naphthoquinone-potassium tert- bu- 
toxide la 59 

4-nitroperbenzoic acid la 55, 59 
-, osmium tetroxide la 55 
-, phosphorus oxychloride la 55 
-, potassium dichromate la 60 
-, sodium hypobromite la 55 
-, sodium periodate la 59 
-, ruthenium tetroxide la 55 
Oxidation of primary alcohols la 57 
-, secondary alcohols la 57 
Oxidations lb 63 


Oxides of nitrogen vapor la 86 
11 -Oxoanderosterone lb 78 
11 -Oxolanostenyl acetate la 62 
Oxomemazine lb 354 
17-Oxosteroids lb 78, 79 
Oxprenolol la 299; lb 268 
Oxycodeinone lb 280 
Oxydemeton methyl lb 164, 165 
Oxyhemoglobin, dipole moment la 97 
Oxymorphone lb 280 
Oxypertin lb 354 
Oxytetracycline lb 271 

P 

PAHs see hydrocarbons, aromatic 
PAHs lb 279,281 
Palladium cations la 144 
Palmitic acid la 45,402,406 
Palmityllactic acid la 45 
Panose lb 423 
Pantheol la 265,267; lb 204 
Papaverine la 235; lb 188,192,193, 
362, 363 

Papaverrubines la 303 
Parabendazole lb 194 
Parabendazolc metabolites lb 194 
Paraffin lb 32 
Paraffin derivatives la 44 
Parathion lb 83,335, 338, 368,412 
Parathion ethyl lb 103, 332-336, 340, 
341,366,418 

Parathion metabolites la 44; lb 92 
Parathion methyl lb 116, 332,335, 336, 
340, 341,368,418 
Paroxon lb 334, 387-389 
Parsalmid lb 321 
Parsol lb 446 
Parthenine lb 446 
Patchouli oil lb 451 
Patulin la 69,347,348 
-, 2,4-dinitrophenylhydrazone lb 389 
-, 2,4-DNPH derivative lb 266 
Pauly’s reagent lb 50 
Peak area evaluation la 31-33,40 


Peak height evaluation la 31-33,40 
Peanut oil la 70; lb 343 
PEI cellulose la 76 
Pellagri’s reaction lb 64 
Penbutalol lb 22 

Pendimethaline lb 108,110-112,417 
Penicillic acid la 69,166,167,277,278, 
303,304,347-349; lb 301,358,401 
Penicillin lb 83,188, 189,191,277,283, 
296,303 

Penicillin G lb 83 
Penicillin V lb 83 
Penicillin benzathine salts lb 358 
Penicillin derivatives lb 85,298,301, 
304,360 

Penicillin embonate salts lb 358 
Penicilloic acid lb 298, 358 
Penitrem A lb 307, 308 
Penniclavin lb 243 
Pentachlorophenol lb 199 

2.3- Pentandione la 157 

2.4- Pentandione la 252, 256 
Pentaporphyrin la99ff 
Pentazocine lb 358 
Pentenamide la 337 
4-Pentenylthiourea lb 301 
Pentoses la 161,181,200,202 
Pentoxifyllin lb 290 

Peptides la 58,76,90,234,238,240, 
294,354,380, 382; lb 71,88,194,199, 
204,210,211,321 
-, hystidyl lb 348, 349 
Per acids la 368 

Peracetic acid in mobile phase la 58 
Peramine lb 243 
Perazine lb 352, 354 
Perchlorate la 188-190 
Perchloric acid, reagent la 314,351,364, 
385 

Periciazin lb 354-356 
Perkin reaction lb 53 
Peroxides lb 49,227-229,372, 373,415, 
416 

Peroxide reagent la 368 


Perphenazine lb 268,354-346 
Perthanes lb 227 
Perylene la 39 

Pesticides la 44,252,254; lb 29,32 ,2 
49,162,164,194,204, 244,282,296 

301.332.365.367.387.415.419.42 
-, carbamate la 44,223,225, 288, 291 

lb 252,255,417 
-chlorinated la 120; lb 206 
-, organophosphoric acid containing 
la 254 

-, phosphoric acid lb 387, 389,418 
-, thiophosphoric acid lb 359, 365, 3( 
411 

-, urea lb 417-418 
Pesticide metabolites lb 415,419 
PETN lb 407 
Peppermint oil la 210,211 
Phalloidine lb 401 
Pharmaceuticals lb 59,135,191,204, 
243,252,280,283, 289,290,296,30 
352,358,387 
-, N-containing lb 191 
Phase selection la 121 
PHB esters lb 401 
Phenacetin lb 283 
Phenazones la 45 
Phencyclidine lb 358 
Phenetylthiourea lb 301 
Pheniramine lb 354 
Phenmed ipham 1 b 332,417 
Phenobarbital la 254, 255, 303, 364; 
lb 43,122 

Phenol lb 43,199,201,398 
Phenol alcohols lb 40i 
Phenol aldehydes lb 401 
Phenolcarboxylic acids la 288; lb 401, 
Phenols la 66,67,71,88,91,151,152 
195,210,216,231,238, 239,252,25 

260.261.288.376.416.417.426.42 
lb 47,48, 50,63,80,94,119,147, 14 
170,180,201,229,230. 268-270, 27 
274,307-309, 312,332,334,379, 38 
397,403,430,442,446 
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A 


-, capable of coupling lb 401 
- diazotization la 66 
monohydric lb 119 
poly basic lb 179 
polyhydric lb 119, 383, 398 
-, trihydric lb 399 
Phenol ethers la 210 
Phenothiazine derivatives la 44,59,299, 
411,413,416; lb 188, 189, 191, 280, 
296,307,308, 352-355 
9-Phenoxyacridine lb 145 
Phenoxyacetic acid herbicides la 260 
Phenoxyalkanecarboxylic acid esters 
la 210,211 
Phentermin lb 283 
9-Phenylacridine lb 145 
Phenylalanine la 246, 247; lb 74 
Phenylalkanolamines la 45 
Phenylalkylamines lb 194,296 
Phenylbutazone la 65; lb 194, 280 
Phenylbutazone derivatives lb 94 
Phenyl carbamate herbicide lb 204,244 
N-Phenyl carbamate pesticides la 63, 107 
1,2- Phenylenediamine, reagent la 372 
1,4-Phenylenediamine lb 415,420 
Phenylethylamine la 173,355; lb 231 
Phenylethylmalonamide la 303 
Phenylhydrazine lb 383 
Phenyl-1,3-indandione metabolites lb 387 
Phenylmercury silver chloride lb 156 
o-Phenylphenol la 262 
Phenylthiohydantoins la 75 
Phenylurea herbicides lb 244 
Phenylurea pesticides la 63,74,107 
Phenyramidol metabolites la 45 
Phenytoin la 254, 255,303,337,340 
pH Indicators la 45,229,303 
Phloroglucinol lb 180,399,400 
Phloroglucinol derivatives la 288 
Phorates lb 88, 338 
Phosalon lb 32, 387 
Phosphamidone lb 82, 83,412 
Phosphates la 170-172, 388, 389 
Phosphatides la 62,70 


Phosphatidic acid lb 290 
Phosphatidylcholine lb 282, 290 
-, enzymatic cleavage la 64 
Phosphatidyl glycerol la 89 
Phosphodithioates lb 301 
Phosphoinositides la 43 
Phospholipids la 44,45,70,147, 148, 

191,206,242,243,273,333,376,404, 
411,438; lb 282,290,327 
Phosphonates la 388,389 
Phosphonic acids la 170-172, 389 
Phosphonolipids la 44; lb 290 
Phosphorescence la 10,15; lb 16,17 
-, triplet state la 10 
Phosphorescence indicators, inorganic 
la 12ff 

Phosphorescence quenching la 35 
-, detection limits la 15 
-, time dependance la 34 
Phosphoric acid la 179, 185, 242, 278, 430 
Phosphoric acid esters la 44,170 
Phosphoric acid insecticides lb 115,332, 
339,340 

Phosphorus-containing pesticides la 254 
Phosphorus insecticides lb 83 
Phosphorus pesticides lb 32 
Photochemical activation lb 13 
Photochemical reactions lb 15,17 
Photodiodes la 24,29 
Photo effect, external la 24 
-, internal la 24, 29 
Photo element la 24, 29 
Photography, exposure times la 137 
-, instrumentation la 137 
Photomultiplier la 25 ff 
-, disadvantages la 27 
-, energy distribution la 26 
-, head on la 27 
-, maximum sensitivity la 28 
-, side on la 27 
-, spectral sensitivity la 28 
-, window material la 28 
Photocells la 25 
Phloxime lb 116 


o-Phthalaldehyde lb 349 
-, reagent la 287, 380 
Phthaldialdehyde lb 349 
Phthalic acid la 163,171,175,178, 233, 
249 

Phthalimide lb 194 
Phthalimide derivatives lb 194-196 
pH of the sorbent la 121,122 
Physicon lb 365 
Picric acid la 174 
Pilocarpine lb 323 
Pimelic acid la 230,249,308 
Pimozid lb 354 

Pinacryptol yellow reagent la 44, 388 
Pindolol la 299, 380; lb 22 
Pindone lb 359 
Pipamperone lb 354 
Pipecolic acid la 435 
Piperidine lb 268 
Piperidine derivatives 1 b 119, 321 
Pipeline lb 18 
Piperitenone lb 252 
Piroxicam la 105 
Pivampicillin lb 188 
Plant phenols 1 b 332 
Plasma chamber 1 b 41,42 
Plasma lipids la 89 
Platinum cations la 144; lb 260 
PMD, multiple development lb 2 
PMD system la 132 
Polamidon lb 358 
Polyacetylene lb 446 
Poly aery lnitrile lb 365, 366 
Polyamide 6 as sorbent la 123 
Polyamide 11 as sorbent la 123 
Polyamines la 284 
Polybutadiene lb 290 
Polycarboxylic acids la 248 
Polyethylene glycol la 44, 86, 278, 280; 
lb 290,296 

Polyethylene glycol derivatives lb 282 
Polygalaic acid la 195 
Polyglycerol la 69; lb 421 
Polyisoprene lb 290 


Polymers lb 282,290 
Polymethyne chromaphore lb 122 
Poly(methyl methacrylate) lb 290 
Polynitroaromatics lb 415 
Polyolefines lb 446,448 
Polyols lb 47 
Polypeptides 1 b 401 
Polyphenols la 44,401; lb 430 
Polypropylene glycol la 44 
Polysaccharides, sulfur-containing la *■ 
Polystyrene lb 282 
Polystyrenes la 364 
Polysulfides lb 338, 339 
Polytetrahydrofuran lb 282 
Polyuridylic acid la 76 
Porphyrins la99ff, 103 
Porphyrin methyl esters la 103 
Post photo effect 1 b 20 
Potasan lb 33 

Potassium hexacyanoferrate(III), reagen 
la 151,392,395 

Potassium hydroxide solution la 434 
Potassium iodate la 173 
Potassium iodide la 171 
Potassium permanganate la 228 
PP321 lb 86 
Prazepam lb 188 

Prechromatographic derivatization lb 
Prednisolone la 221 
Prednisone la 221 
Pregnadiendiol derivatives la 152 
Pregnene 17-a-hydroperoxides lb 22' 
Preloading the layer with solvent vapor 
la 126 

Preludin lb 268 
Prenazone la 65 
Prenols la 44, 401 
Prenylquinone la 44, 401 
Prenyl vitamins la 401 
Preservation, Neatan la 134 
Preservatives la45, 75.108, 195, 210 
216,252,254.260, 376, 377,426,4i 
Prewashing the layer la 124 
Primidone la 254,255, 303,337,340 
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PR inline lb 244,246, 247 
Primycin lb 446,448 
Proazulenes lb 239,240 
Procaine lb 122, 188,268 
-, acid hydrolysis la 62, 63 
Processing the chromatogram la 90 
drying la 91 
-, IR irradiation la 96 
microwaves la 96 
-, UV irradiation la 92,93 
Prochazka reagent lb 63 
Procyanidine lb 332 
Procymidone lb 330 
Progesterone la 71,321; lb 29,30,43, 345 
Proline la 240, 241, 246,382,435; 
lb 132,323 

Promazine lb 188, 352,354,355 
Promethazine lb 188,280,354-356 
Prometon lb 194 

Prometryn lb 194, 199,204,207, 208, 
230,231,413,414,418 
Prominal® la 339, 342,343 
Propamocarb lb 282, 285 
Propanil lb 332 
Propazin lb 194, 418 
Propetamphos lb 338 
Propham la 108; lb 417 
Propionic acid la 75 
Propionic acid derivatives lb 143,223, 224 
Propoxur lb 332 
Propoxyphen lb 283 
Propranolol la 299; lb 268, 348, 350,351 
Propylisom lb 33 
Prosolal lb 446 

Prostaglandins la 195-197,242-244, 273, 
274, 376,411,413,430,438; lb 282 
Protected peptides 1 b 201 
Proteins lb 83, 204,401 
Prothiaden lb 280 
Prothiapendyl lb 354 
Protocol samples la 133 
Proxiphylline lb 299,300 
PR toxin lb 244,246, 247 
Prunasin la 179, 181; lb 120, 121 


Prussian blue lb 313 
Psilocine lb 243 
Psilocybine lb 243,252 
Psychopharmaceuticals la 364; lb 268 
Psychotrin lb 290 
PTH amino acids lb 301,304 
Pulegone lb 252,451 
Purine derivatives lb 119, 170, 173,174, 
282,296-299 

Purines la 44,266,438,439; lb 32,430, 
437,438 

Purpuric acid lb 174 
Pyrazolidine derivatives la 426 
3,5-Pyrazolidindione derivatives lb 20 
Pyrazolinone derivatives lb 277 
Pyrazolin-5-one derivatives lb 327, 329 
Pyrazone lb 332 
Pyrene lb 379 
PyrethrinI lb 18 
Pyrethrinll lb 18 
Pyrethroids lb 86, 87 
Pyrethroid insecticides la 359 
Pyridine alkaloids la 66; lb 279 
Pyridine derivatives lb 119, 244 
Pyridinium carbinols lb 65 
Pyridinium glycols lb 65 
Pyridoxal la 157, 158, 253 
Pyridoxamine la 253 
Pyridoxine la 253 

Pyrimidines la 266,438,439; lb 32,430 
Pyrimidine nucleoside derivatives lb 290 
Pyrocatechol lb 170, 172, 185 
4-tert-butyl- lb 201 
Pyrocatechol derivatives lb 119 
Pyrocatechol violet reagent la 398 
Pyrogallol lb 383,399,400 
Pyrogallol derivatives lb 312 
Pyrolysis of organic substances la 92, 96 
a-Pyrone derivatives la 288; lb 387,388 
Pyrrole lb 268,270 
Pyrrole alkaloids la 66; lb 279 
Pyrrole derivatives la 266,269,270; lb 63 
Pyrrolidine derivatives lb 290 
Pyrrolizidine alkaloids lb 243,246,291 


Pyruvic acid la 426; lb 343,344 
-, dinitrophenylhydrazone lb 365 
-, quinoxalone derivatives lb 344 

Q 

Quaternary ammonium compounds lb 268 
Quercetin la 44,149,279,280,323; 
lb 158,432 

Quercitrin la 149,279,280,323; lb 432 

Quinaldic acid la 171 

Quinalphos lb 83 

Quinethazon lb 188 

Quinidine lb 65 

Quinine lb 65,280, 323,360 

-, pH dependent fluorescence la 91 

Quinine alkaloids la 88; lb 65,280,323 

Quinoline alkaloids la 66; lb 279 

Quinoline derivatives lb 279 

Quinones 1 a 44; 1 b 287,437 

R 

Radioactive substances la 12 
Radioisotopes, half-lives la 49 
Raffmose la 158,181-184,203,204,331; 

lb 34,223,423 
Ratanhia phenols la 288 
Raubasin lb 32, 358 
Raubasin metabolites lb 32 
Raunitcin lb 243 
Rauwolfia alkaloids la 314 
RDX lb 407.408 
Reaction chromatography lb 278 
-, demands made on la 56 
-, methods used la 57 
Reaction inhomogeneities because of differ¬ 
ent heating la 92 

Reagents, concentration threshold la 78 
Reagent gases la 79,88 
Reagent, in mobile phase la 88,405 
-, in sorbent la 88 
Reagent sequences lb 57ff 
Reagent residues, explosion la 82,365,386 
-, application homogeneous la 90,405 
Redox indicator lb 167 


Redox reactions lb 65 
Reduction with iron(II) ammonium sul¬ 
fate la 64 

-, colloidal palladium la 63 
-, sodium borohydride la 62 
-, palladium chloride la 63 
-, platinum chloride la 63 
-, zinc chloride/HCl la 63 
Reductions lb 63 
Reductones la 256,262; lb 48 
Reducing substances la 216,220,376; 
lb 383 

Reflectance, laws of la 35 
-, see reflection, diffuse 
Reflectance scan la 31 
Reflectance spectra compared to solution 
spectra la 31 

-, bathochromic displacement la 31 
-, hypsochromic displacement la 31 
Reflection,, diffuse la 36 
-, mirror la 36 
Reichstein-S la 221 
Relative humidity lal29ff 
-, defined over salt solutions la 130 
-, defined over sulfuric acid solutions 
la 130 

-, effect on the separation la 129, 365, 
374,393,421 

Reproducibility direct quantitative evalu¬ 
ation la 93 
Reprostar la 136 
Rescinnamin lb 21 
Reserpine lb 21, 32,188,323 
Resorcinol lb 170,172,181,268,379, 
383,398 

Resorcinol homologues la 290 
a-Resorcinic acid lb 180 
Resorufin, pH dependent fluorescence 
la 91 

Retinol lb 280 

Rhamnose la 161,162,181,200,201; 
lb 36 

Rhein lb 365 

Rheindel-Hoppe reagent lb 204 
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Rhenium(VII) anions lb 88, 89 

Rhenium(VII) ions lb 151, 152 

Rhodamine B, reagent la 44,401 

Rhodamine G, reagent la 44 

Rhodium 6G, reagent la 44, 88, 402,404 

Ribopolynucleotides la 76 

Ribose lb 32,36,423 

D-Ribose, dipole moment la 97 

Ridomil lb 296, 301,303,304 

Rifamycin la 166, 167 

Robinetin la 44 

Rogor lb 338 

Rose oil lb 451 

Rosen oxide lb 374,451 

Rotenoids lb 328 

Rotenone lb 29, 327 

Rotenone insecticides lb 328 

RP phases la 3 

-, degree of coverage la 123 

-, water resistance la 123 

Rubratoxin B lb 33 

Rugulosin la 104 

Rutin la 44,149,179,279,323; lb 432 
S 

Saccharin la 10,11,174,388-390 
Salbutanol lb 268 
Salicyl alcohol la 195 
Salicylaldehyde la 284; lb 401 
Salicylic acid la 45, 171,175,178,233, 
308 

Salicylsalicin la 195, 196 
Salinomycin lb 446 
Salithione la 151 
Salkowski reagent lb 237 
Salonitenolide lb 290 
Salsonilol lb 312 

Salt solutions and relative humidity la 
129,130 

Sambunigrin lb 120 
Sandelwood oil lb 451 
Sandwich chamber la 126, 127 
Sapogenins la 43,69, 206,411; lb 430 
Saponogen trifluoroacetate la 69 


Saponins la 7,411,430 
-, bioautographic determination la 109 
Sarcosine Ia435;lbl24 
Scandium cations, detection la 144 
Scanner, optical trains la 30,39 
S-Chamber (small chamber) la 126, 127 
Schiff’s bases lb 52 
Scintillators la 12 
Scopolamine lb 231,252, 255,323 
Scopoletin lb 216-218,365 
Screening process lb 45 
Sebacic acid la 178,233,249, 308 
Sebuthylazine lb 418 
Selectivity, enhancement by derivatiza- 
tion la 55 

-, improvement by reagent sequence la 
90 

Selectivity of detection la 4,38,40,42 
-, fluorescence la 38 
separation la 4 
Selenate anions lb 307 
Selenite anions lb 307 
Selenium la 102, 104, 108,144 
Semen Sinapis la 187 
Sennosides la 166, 167; lb 287 
Sensitivity, increase by derivatization la 
56 

Separation methods, multichromato¬ 
graphic la 56 
Serine la 246,356; lb 132 
Serotonin la 70,76,239,240, 262,355, 
380; lb 37-39, 231,243,348 
Serotonin metabolites lb 327 
Serum lipids la 89 
Serum proteins la 74 
Sesquiterpene derivatives lb 239,446 
Sesquiterpene esters lb 239 
Sesquiterpene glucosides la 327 
Sesquiterpene lactones lb 448 
Sevin lb 387-389 
Si 50 000, specific surface area la 91 
Silica gel, caffeine-impregnated la 85 
-, surface modified la 3 
Silica gel 60, specific surface area la 91 


Silicon tetrachloride vapor la 86 
Silver cations la 144; lb 258 
Silver nitrate, reagent la 89,408 
Silydianine la 273,274 
Silymarin la 106,273,274 
Simatoxin lb 204, 206 
Simazin lb 194,199,202,204,208,230, 
231,418 

Sinensetin lb216,217 
Sinigrin la 187 

(i-Sitosterol la 206,213,242,243; lb 34 

Slaframine lb 283 

Sodium methylate la 70 

Sodium nitrite lb 409 

Solamargine, acid hydrolysis la 62 

Solasodine la 62; lb 173 

Solasonine, acid hydrolysis la 62 

Solvent, preparative chromatography la 121 

-, quality la 119, 120 

Sorbents, chemically modified la 3 

Sorbic acid la 45,65,71,75,308; lb 401 

Sorbitol la 409,410; lb 421,422 

Sorbose lb 423 

Sotalol lb 268 

Spark discharge chamber 1 b 42 
Sparteine lb 32 

Specific surface area, silica gel la 91 
-, Si 50 000 la 91 
Specificity of detection la 4 
Spectral line sources la 20 
Spermidine la 107 
Spermine la 107 

Sphingomyeline la 44, 89,377, 378; 

lb 282,327 
Sphingosin lb 74 
Spironolactone la 411 
17-Spirosteroids lb 343 
Spot diameter la 78,131 
Spray, aerosol can la 81 
-, all glass la 79-81 
-, spray gun la 81 
Spray scheme la 81 
Spraying la 79ff 
-, automatic la 82 


Spraying, distance from TLC plate la 1 
-, polarity of solution la 82 
Squalene la 44; lb 34 
S-S linkages 1 b 302 
SRS technique la 57; lb 11,17,19,28 
61,115,277,278 

Stabilization of chromatogram zones 
la 90,98,245-247,292, 356,361,3f 

lb 109,111 

Stabilization, with paraffin oil lb 109 
Stabilizers la 398 
-, in solvents la 120 
Staining, stabilization of the zones la 1 
Starch hydrolysate la 179 
Stationary phases, choice of la 121 
Stearic acid la 73,214,215,230,258, 
259,402,405; lb 439 
Stearyllactic acid 1 a 45 
Sterigmatocysteine la 69,103,105, U 

148.438.439 
Steroid alkaloids la 206 

Steroids 1 a 44,60,66,191,195,196,1 
210,219,222,234, 364, 376,404,41 
413,420,421,426,428, 430,431,43 
439; lb 32,65,173,175,188,189,1 
227,282,343-345,387,391,415,44 
448 

phenolic lb 312 
Steroid glycosides la 206; lb 263 
Steroid hormones la 206 
Steroid ketones la 72 
Steroid conjugates la 411,413 
Steroid saponogenins la 69,195, 206, 
Sterols la 44,58,65,70,104,147,141 
195,206,213,214,248,249,333,3f 
352, 385,404,430, 431, 438; lb 173 
343,430,437,438 

Sterol esters la 44, 70,147,191, 248, 

249.333.411.438.439 

Sterol hydroperoxides lb 227, 415. 41 
reduction la 60 
Stigmasterol la213,351 
Stilbene derivatives lb 387, 389 
Stilbestrol lb 188 
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Stimulents lb 268,270 
Strontium cations la 144,145,311,312 
g-Strophantin lb 265,266 
k-Strophantin lb 265,266 
Strychnine la 60,315,316; lb 323,358, 
361 

Strychnos alkaloids la 314 
Stylopine lb 358 
Suberic acid la 178,230,249,308 
Succinic acid la 45,61,178,230,233, 
249,250,258,259; lb 143 
Succinimides la 337 
Sucrose la 181-184, 203, 204,331; lb 
36,223,423,424 
Sudan black B la 129 
Sudan orange G la 129 
Sudan red 7B la 129 
Sudan yellow la 129 
Sugars la 45,89,96,154-158,160-163, 
179,180,183,185, 188,189,195, 197, 
199,200,203,204, 234,326,329, 331, 
364,372,408,428,438; lb 32-34, 36, 
46, 223,232-234,327,329,421-424, 
430 

-reducing lb 214, 215, 384 
Sugar acids la 325 

Sugar alcohols la 45,325, 326, 329,408, 
409,426; lb 46,421 
Sugar derivatives la 170,428; lb 33 
Sulfadiazine lb 393 
Sulfamates, aliphatic la 388,389 
Sulfamerazine lb 252,393 
Sulfamethazine lb 393 
Sulfamic acid, cyclohexane- la 174 
Sulfanilamide lb 243,393 
Sulfanilic acid lb 395,396 
Sulfanilthiocarbamide lb 243 
Sulfapyridine lb 379,380 
Sulfasomidine lb 252 
Sulfates, aliphatic la 388, 389 
Sulfathiazole lb 243, 280,393 
Sulfhydryl groups la 254 
Sulfides lb 85,312,313 
-, phenolic aromatic lb 321 


Sulfide ions lb 301 

Sulfonamides la 63,223,225,238,240, 
269,294,2%, 340; lb 47,119,204, 

243,252,255, 280,393,395 
Sulfonates, aliphatic la 388, 389 
Sulfones lb 321,360 
Sulfonic acids la 91 
Sulfonylurea derivatives lb 204 
Sulfoxides lb 321,358,360,372,373,374 
Sulfur compounds lb 338 
Sulfur-containing compounds lb 301,339 
Sulfur dioxide vapor la 86 
-, dipole moment la 97 
Sulfur, divalent lb 302 
Sulfuric acid la87,195,333,411,426 
Sulfur ions lb 302 
Sulfuryl chloride vapor la 86 
Sulpyrid lb 268 
Sunflower seed oil lb 286 
Surfactant-TLC plates la 89 
Sweeteners la 44, 388-390 
Swep la 108 

Sympathomimetics la 76,106, 151,153, 
294 

Symphytine lb 188 
Symphytine N-oxide lb 243 
Synclisia alkaloids la 314 
Synephrine lb 229 

T 

Tabernaemontana alkaloids la 314 
Tannins la 288, 299; lb 307,308,446 
Tartaric acid la 45,175,230,233,246, 
250,258, 259, 308 
TATB lb 244 
Taurineopiperidine lb 321 
Taxiphylline lb 120, 121 
TCNE reagent la 416 
TDM reagent lb 199 
Tephrosine lb 327 
Terbufos lb 338 
Terbutaline lb 268 
Terbutryn lb 418 


Terbutylazine lb 196,197,202,208,212, 
213,230,231,418 
Terpene derivatives lb 239 
Terpenes la44, 59,195,206,210,211; 
lb 448 

Terpene glucosides la 327 
Terpene hydrocarbons lb 446 
Terpenoids la 59 
Terphthalic acid la 178, 249,308 
a-Terpineol la 59,70,76,327 
Terpineol glucosides la 327 
Testosterone la 32,88,104,108,303, 
304,319,321; lb 29-31,43,17 3,282, 
327,329,345,446 
-, dansylhydrazone la 104,108 
-, isonicotinic acid hydrazone la 104, 
319-321 

epi-Testosterone lb 29 
Tetrabutyltin la 399,400 
2,3,4,6-Tetrachlorophenol lb 403 
Tetracyanoethylene, reagent 1 a 416 
Tetracyanoquinodimethane lb 122 
Tetracyclin antibiotics lb 273 
Tetracyclins la 166,195; lb 268, 270, 
271,274 

Tetrahydrocannabinol lb 43 
Tetrahydrocannabinol(=THC)-11 -carbox¬ 
ylic acid la 290 

Tetrahydrocannabinol(=THC) metabolites 
la 290-292 

Tetrahydrocortisol la 221 
Tetrahydrocortisone la 221 
Tetraiodothyronine lb 76 
Tetrazolium salts, reduction la 61 
Tetryl lb 244 
Thaleiochin reaction lb 65 
Thalidomide lb 290 
Thalidomide, hydrolysis products la 45 
THC see tetrahydrocannabinol 
Thebaine lb 192,193,358,362,363 
Theobromine lb 170-172,176,296 
Theophylline lb 170-172,176,282,296, 
299,300 

Thermochemical activation lb 27ff 


Thiabendazole la 307,308 
Thiamine la 235,236,397; lb 280,3f 
Thiazide diuretics lb 136 
Thiazoles lb 302 
Thiazolidine derivatives lb 301 
Thiethylperazine lb 354 
Thickening agents la 179 
Thin-layer chromatography, fields of ap 
cation 1 b 1 
-, advantages la 5 

number of publications la 6 
Thiobarbiturates la 45,66 
Thiocarbamide derivatives la 322 
Thiocyanate lb 128,152 
Thiocyanate anions lb 129, 307 
Thioethers lb 50,85,280, 301,302,3 
358 

Thioflavine, pH dependent fluorescence 
la 91 

Thioglucosides la 185, 186 
Thioglycolic acid la 248,249 
Thioglycolic acid reaction 1 b 119 
Thiohydantoin derivatives lb 301 
Thiols lb 48,50,85,280,301,358,31 
Thiol compounds la 252,254 
Thiones la 252,254 
Thiophosphate esters lb 338 
Thiophosphate insecticides lb 113-11 
162-164,267,301, 304,305,333-33 
339,413 

Thiophosphate pesticides lb 359, 365 
411,412 

Thiophosphate compounds lb 304 
Thiophosphorus compounds lb 301 
Thioquinox lb 33 
Thioridazin lb 354,355 
Thiosulfate lb 312 
Thiourea la 107,246,254, 269,337; 
lb 243 

-derivatives la 322, 323; lb 243, 3 
312 

Thorium la 144 
Threonine la 246; lb 133,134 
a/fo-Threonine lb 133,134 
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Thymol la 153,197,198; lb 451 
-, derivatives la 288 
Thyroxine lb 76 
Tigogenin la 59,195 
-, oxidation la 59 
Tigogenin, alkaline hydrolysis la 63 
Tigogenone la 59,60 
Tillmann’s reagent la 256; lb 48 
Timolol lb 268 

Tin cations la 144, 311,398; lb 317 
Tin tetrachloride vapor la 86 
Tin tungstate la 88 
Tinuvin la 343,283 
Tinuvin P la 282,283 
Tiotixen lb 354 
Titanium cations la 144 
TNA reagent la 44 
TNB A reagent la 423; lb 47 
Tocopherols la 216-218, 376 
Tollen’s reagent lb 49 
p-Toluenesulfonic acid reagent la 76 
6-p-Toluidino-2-naphthalenesulfonic acid 
reagent la 44 
Tolycaine lb 188 
Toxaphene la 45 
Toxins, Amanita lb 343, 344 
TPDD lb 49,416 
Traganth hydrolysates la 163 
Transition metal anions 1 b 88 
Trazodon lb 354 
Trehalose lb 423 

Trenbolone la 303,304; lb 343-345 
Trialkyltin compounds la 399 
Triallate la 323 

Triamcinolone acetonide ester lb 283 
1,3,5 -T riamino-2,4,6-tri ni trobenze ne 
lb 244 

Triazines lb 229,230,411-413,415-418 
Triazine herbicides la 45; lb 68,69, 194, 
196,197,199, 201, 202,204,207, 208, 
210-212,227 

-, hydroxy derivatives lb 204 
Triazophos lb 340, 341 
Tribromimperitorin la 65 


Tributyltin chloride la 399,400 
Tributyltin methoxide lb 319 
Tributyltin oxide la 399,400 
Tricarboxylic acids la 248,249 
Trichloroacetic acid la 45 
-, reagent la 372,420 

2.4.6- Trichlorobenzene lb 403 
Trichlorfon lb 164,165,412 
Trichothecenes la 147,195,359,361, 

361,411 

Triclosan lb 227 
Trietazin lb 199 
Trifluoperazine lb 354 
Trifluperidol lb 354 
Triflupromazine lb 354 
Trifluralin lb 108, 110-112,417 
Triglycerides la 45,70, 89, 147, 148, 

214,234, 333, 376,401,404,438,439; 
lb 437,438 

Trihydroxy benzene derivatives lb 179, 180 
Triiodobenzoic acid la 45 
Triiodothyronine lb 76 
Trimethazone lb 280 

2.4.6- Trimethylaniline lb 268 
Trimethyltin chloride lb 319 
Trimipramine 1 b 352, 354, 355 
Trinitrobenzenesulfonic acid, reagent 

la 423 

Tripalmitin la 214,215; lb 439 
Tripelennamine lb 358 
Triphenodioxazines la 411 
Triphenyltetrazolium chloride (TTC) reac¬ 
tion lb 65 

Triphosphate, cyclic (PjOV) la 172 
Tripolyphosphate (P 30 3 io) la 172 
Trisaccharides la 331; lb 421 
Triterpenes la 43,70,206,210, 211,430; 
lb 430 

Triterpene alcohols la 404 

Triterpene gylcosides, acid hydrolysis la 62 

Triton X-100 la 108; lb 282 

Tritylpenicillin sulfoxide lb 358 

Trolein la 89; lb 32 

Tropane alkaloids lb 34,252, 255 


Tropine lb 358 
Trough chambers la 125 
Tryptamine la 76,98,254,364; lb 243, 
348 

Tryptophan la 76,240,246,364; lb 243, 
277,290 

-, N-carbamyl lb 243 
Tryptophan derivatives lb 243, 343 
Tryptophan metabolites lb 252 
Tryptophol lb 243 
TTC lb 65 
Tubocurarine lb 338 
Tungsten cations la 398 
Tungsten lamp la 21,22 
T ungstophosphoric acid 1 a 311 
Turanose lb 423 
Turnbull’s blue 1 b 313 
Twin trough chamber la 87,126 
Tyramine la 355; lb 229,231,401 

U 

Ubiquinones la 404 
Umbelliferone lb 218 
-, pH dependent fluorescence la 44 
Umbelliprenine lb 387 
Umckalin lb 365 

Universal reagents la 4,46,195, 376, 
402,405,412,430, 434; lb 277 
Uracil derivatives la 44,45; lb 418 
Uranium cations la 144 
Uranyl acvetate la 44 
Urea lb 204,243 
-, condensation products la 44 
-, derivatives la 223,269; lb 204, 206, 
210,243,246,415 
-, formaldehyde resins lb 211 
-, herbicides la 43, 74,104.107, 223, 
225; lb 68,69,94 
-.pesticides lb 417, 418 
Ureides, bromine-containing lb 372 
Urethanes lb 72, 358, 360 
Uric acid la 261; lb 36,312,314 
Uridine derivatives lb 22f 
Urobilinogen lb 236t 

I 


Uronic acids la 154,199, 322,426; 

lb 421,422 
Uroporphyrin la 102 
Ursolic acid la 59, 71 
UV absorbers lb 446 
-, in plastics la 281 
UVIS analysis lamps la 136 
UV lamps la 13, 14, 16,137 
-, with camera holder la 13, 17,136 
UV light absorbing substances lb 437 

V 

Valepotriates la 166,167, 273,359,361 
362; lb 446 

Valine la 246, 247,267,268,296,297 
Valone lb 359 
Vamidothione lb 338 
Vanadate anions lb 307 
Vanadium cations la 44,144 
Vanadium(V) anions lb 88, 89 
Vanadium(V) ions lb 151,152 
Vanadium(V) oxide reagent la 426 
Vanillic acid lb 38, 39 
Vanillin, reagent la 430,434 
Vanillinmandellic acid lb 21, 37-39 
Van Urk’s reagent lb 63,236,237 
Van Urk reaction, stabilization with 
sodium nitrite la 98 
Van Urk-Salkowski reagent lb 237 
Vario chambers la 128 
Vario-KS chamber la 129 
Vaseline la 44 
Vasotocin analogues lb 194 
Veratrum alkaloids la 420 
Verophen lb 355, 356 
Vicianine lb 120,121 
Viloxazine lb 354 
Vinclozoline 1 b 330,418 
Viomellein lb 387 

V itali-Morin reaction lb 5 7 
Vitamins la 7,109,157, 158, 206-208, 

216-218,234-236,252,253,256, 260, 
267,269,395,397,420,426,428; 
lb 13,126,204,280,359 
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-, bioautoradiographic determination 
la 109 

Vitamin A la 206 

Vitamin A acid la 411 

Vitamin B, la 105,234,235, 395, 397; 

lb 204,210,359 
Vitamin B 2 lb 204,210 
Vitamin B6 la 157,158,252,260; 
lb 204,210 

Vitamin C la 216,256,257, 372-374, 
376,377,426 
Vitamin D la 206 
Vitamin D 3 la 207,208,420; lb 359 
Vitamin E la 216-218, 376 
Vitamin K, lb 359 
Vomitoxin la 89, 147, 148 

W 

Wagner’s reagent lb 230 
Warfarin lb 33 
Washing agents, see detergents 
Water binding by N,N’-dicyclohexyl-carbo- 
diimide la 75 
Water, dipole moment la 97 
Waxes la 44; 1 b 281,28 2, 290 
Witisol lb 432 
W ITTIG reaction lb 52 
Woodruff lb 369, 370 
Wurster’s blue lb 49,415-419 
Wurster’s red lb 49,227,228, 230, 
417-419 

X 

Xanthanonic acid la 89 
Xanthene derivatives lb 327-329 


Xanthine lb 174 
Xanthine derivatives lb 175,300 
Xanthinine lb 446 
2a-Xanthocholestan-3-one lb 188 
Xanthomegnin lb 387 
Xanthones lb 283 
Xanthone glycosides lb 365 
Xanthotoxin la 67 
Xanthotoxol la 70 
Xanthumin lb 446 
Xanthydrol lb 122 
Xenon lamp la 20,22 
Xylitol la 409,410 
Xylobiose la 45 

Xylose la 45,161,162,177,200,201; 
lb 36,423 

Y 

Yohimine alkaloids lb 243 
Z 

Zaefaroni’s reagent lb 49 
Zearalenone la 69,147,148, 273; lb 332 
Zectran la 107 
Zimmermann reaction lb 79 
Zinc cations la 144, 311 
Zinc chloride la 76 
Zingerone lb 312 
Zinophos lb 32 
Zipeprol la 45 
Zirconium cations la 144 
Zirconium(IV) oxychloride, reagent 
la 89,438 
Zomepirac lb 312 
Zwikker reaction lb 119 



